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' ABSTMCT '

The bjectives were 10 oblala data ia selected (iterior em—m of one «omy" o ed
within the dymamic radiclogical envircamest following twe underwater snclear ‘dmnmo-- ‘
(Wahoo and Umbrells) from which it might be poesibie (1) te determine whether aa ishalation
meomuumnewwdmmammmmlmmu

' combustion sir systems, (2) to estimate the external gamma radiation dose oF dose fate Ia

these compartments due 10 the ingrees of contaminants, and (3) through the messurement of
particle~sise distribution in several sise ranges and activity associated with these sise ranges,’
to attempt correlation between bislogical dosimetry (primary messurements for Rem 1) and -
physical measurements, and 1o provide Information on these parameters for use in Rem 3.

Three ventilated compartments were lnatrumented on the moored and washed destroyer
(DD-382). The test conditions were designed te simulate the operations) situation with ventila-
tion blowers tursed off but with a0 closures in the vestilation systems. Exhiust blowers were
- Installed to induce 30 percent of the rated alrfiow through each venttistion system. This atr-
flow represents & maximum that has been measured ia shiptoard tests under the miost favorable
conditions for induced alrflow with vestliation biowers tarned off. ' The after firercom wis alse
iastrumented (0 provide data for estimatiag the dose due o boller atr casing leakage. In this
, xuommmmmmuwndmmnwmw :
. WS sealed t0 prevest the (ngrees of contaminants via the ventilaiion system.  These test com-
partments were lastrumented with alr sampiers, surface samplers, c-nuu-u(-uun
guines pige), {lm badges, and recording gamma radiation detecters. -

The DD-$92 was mosred with its starbeard side t» surface sere, lembmudmn
_mmma.mmmmuuumu Two cther target ships were aiso
moored downwind with their steras te surface sere: the DD-474 at 3,900 feet and the DD-393
st 8,900 feet for Shot Wahoo; and the DD-474 ot 1,000 foet and the DD-$83 at 7,900 feet for Shot
. Umbretla, The forward firercsma of all three édostroyers had ens boller fired for operstional
reas04s with an airflow ahout half of the fuli-power airflow. Mmmm
‘od with lim badgee and recording redistion detectors by ancther project.

Decasse of operatiosal difficulties, ﬂ“m“u.mdmam
DD-393 tor Shot Umbrells were the gamma radiation data. Only animal data and fim badge
mmm-mwmmum wsmmmmnm
inopersttve.

;., mm.mmmmmmnmnmdmu-
" onrts iste the DD-$03 frem Siet Umbreila resuited in a wide range of viluse (and quite a dit of
_uncertaiaty).. The lower duse estimates were: 0.5 10 8 r for vintilated compartments and 3 to
4 r ior the fireresus. Theoe lower dooe Sotimates represtnt lose than 1 pereont of the tetal
 dose in the vestilated comigartnenis and betwoen about 3 aad 18 percemt of the total dese i the
" treresms. The higher duse sstimates were 18 ¢ for a firercom (only ene of twe bitisrs In
operation) and 31 7 fer the ventilsted engine resm. ' The higher dooo ¢olimales repretent ap-
" proxisistety §0 parcest of the total duse in these compartments. The Mghor dese euiimatos
for the twe ventiiated neemachinery compartments, though Quite wireiithie, are lees than 30

porcom of the total dese 1n theoe Lightly shieided compnriments.- BOtimetes of MARIvem (ntor-
mMlgmm...bI.On-bthmurmal..dbhmvmmor

_ahet,
nmlou‘omnuuumuau-ﬂ.mwm-o%hmm”cm
momhmmthﬂm-hn-l--kmdum.“m'onmumw

unuuuu! mq ‘soplred

-




wore spoul dq.ul o tnise tor :M N!ﬂﬁ? Tulm bisidge Gatar iy wids 3180 eatimared

1nat depds 198 PAdidactIvily Cuntribvied 8 higher iraction of 1heEe descs, DECIUSE L BAOR mt OV~
ory Survey dase rates i Lost compartments arre 310 1 times the comparable Umbretla dones
rates. Escirates uf maximun hiternal dose xvere 1.8 10 3.4 rads 10 the skeleton for the first
7 daxs after shot.  In the ventilated engine room, there aas one hicher estimate of 7 rads to
the pustrointestinad traet (also a critieal organ). The lew estimate ta this case was 3.7 rad.
It was corcluded that the dose due 10 ingress of contaminams was of retatively lesser impor-
* tance than the dnse {rom sources external to the compartmem. - The dose due t0 drposu:cd n—
" dicactivity in tise hedy was always ‘insignificant compared to the total exposure dnse.
In all cases, 118 vxtimated that the doscs due to the iniress of cortaminants are secondary
: B : W 10 the doses due 10 exierior transient radiation sources,” but that, if shielding were provided to
o - ) —_— reduce the doses due 10 radiation sources external to lhv ship, the doscs due to the ingiess of
. ’ contamirarts wesld require constderation under any enntept of dnsage comtrol for repeated
CxXphsures, - .

- UNCLAssipgp !
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FOREWORD .

el Tesults by programs; (4} summarics of ob)n.h\u. prncmlurvs Tesults, wte.,

_ This report presents the find reiralts uf ane ol the Drojects participating (8 the military-effect

programs of Operation Hardrack. ‘Ove -Fall informiation about this and the other military-effect
projects can be otnaitied (rom [TR - 1460, the “Suminary Report of the Commander, Task Unit

7 3." This technical summary mcludes (1) tatiles listing each detoration wak its yicld, type,

‘environment, mﬂ-orolomtn tondmors. ete.; (2) maps showing shot Jocations; (3) discussions
for all prujects;
s (5) a Iiatinv ol pm)o-u reprts for lh- mnhurv -gffect prugramal R '

PREFAC!

The gamma- in(ennw-ume data uumcd in t)us rv-port was obtatm-d by Pro)«:t 2.1 personnel as’

‘an extension of their own eaperinient desym, instraimentation, and data’ reduction: Ir adiittion

they had vognizance of coranion {fstrumentation Support functions such 33 grmma-intensity -time
sevorders and aninial-cooliag system and the tstrument-starting system for both projects. -

The couperation and assiatince of pe rsonnel of Project 2.1, pmurulnly H. R. len-n H A.

Zagorites, and R.G. Paie, 18 gratefully achnowledged. ’

Recovery vperations required manpower beyond that Available from within e nmwrt. T:nk e

Element 7.3.1.5, the ‘decontamination unit of Task Group 1.3, furnished four nmwn-- It L. Kopp,
DC2; A.P. Brown, FN: JUW. Coozx, . 8N; and W. P. Morones, SN—1to assst in this work. a
addition they were assigned many miscellancous tasks, such as sample processing, air sampler
preparation for test, and cecontamiration of air samplers. - The highly cooperative and able
manner {n which they carried out this work was of material assistance.

Project 2.2 alyo gratefally ackrowlrdyis s indebtedness o the officers and créws of lhr

©_ Task Group 7.3 Special Projects Unit, who manned the three target destroyers, for their fre- ’.

quent and cheerful assistance in maintaimng zupport equipment, ucumpluhmg r\-palr and

o a.llorauon work, and h.rms\m.., -mrk parties when required. -

|
!
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Chapter 1

INTRODUCTION =

' Tum .n"b-r-n aer nurlv‘lr detonations’ Weere w‘nd.:lo-d to obtain al.nu from which i:lh standoff uhs-
TanCUE Dl a deipoat il ¢ <hip (i stroy R pubd B trpnaned, (U batd e "n e gl dimest

© 2% the distance botween p-unt ‘of detouation and delivory - shap af tme of detonatiof ) Amon: l‘w ‘
helieets to b considered wias the potential ramolrn.n al haurd resulting trom the iigress of coti- 2§
‘umlr.anun via huth vertilation and combustion air sy stcms Amxm;.h this pro;-'cl was too lim-
uo.-d in scope to pravide full Information relative to the prohh'm, thc data prondm a h.uu lor
pl.mnlrc wd ndlcatu a uved !nr more éxtensive ltudk-l. :

-_non.xar'rrvrs“‘.; R ‘ : b
The objectives were to obta!r. chla tn ul«-c!»d inturior eomp.artme-ns ol one da-strnyvr ln-
Cuted within the dymmle r:diolnuul o lronmom following two uiderwitee fuclear’ ‘detonations

“trom which it might be posmhlu (1) to Jv'u-rmine whether an inhalation hazard existed In these
rumwrtnu-nu because of the ingress of contaminants ia vnuulauon or comimistion air systems,
2'to vsll'w\to the externid gamma radiition dose or duso- Fite In theso compartments dueto
the inurcess of Lon-ummanls, and (3) Gwough the measurément of parurlc--l:e dmrumuon i -
E several size ranges and activity associated with thesé size ranges, to attempt correlation be-
T twieen binlogteal dosimetiy (primary measurements for Ttém 1) and physlul measurcments,
' :lnd to pro\ {de mtorm:uon on lhvse paumcteu (or use ln lh-m 2, R

B IZ DAC!GROUND

Follon ing undorwatcr dctonallon o( a mrlear weapon, tho doll\ cry smp. ﬂ c!ou- to surlare
‘zero, mh.m be vm'elopcd by base surge or fillout. Tle shnp would thus be exposed to raduuon '
i lrf»rn external s«nurccs and to contamunation by ingress via the ventilation and rombustlnn alr
“nyslems. Ingress of small fallout panlrles would nsult h a contamindtirs aerosol as well as”
e prmuan of radioaé{ive material within the ship. " Both the acrosol and the de. ‘posited material
| would incroease the radiation intensities within the ship. The maynitude of these inténsities -
wouid be a function of (1) the gcomutry of the ventilation' “and combustion air systems and :sso-
" clated ‘eoft p.mm-.nts. (2) the physical, chemical, and radiological pruperties of the panicl .,
And (3) the mcch.mism of transport and of d«-posninn of the airborne material, Quantitativ .
“Measurements’ upuf \\hi"h «stimalu of U( nuputudo of th: sv pmrnnal h:lz:rds vould bo rnado- :
f“' h-l\e bu-n lackm;. in uun) arou. : p : :

1. 2 1 (‘ounh-’mn-.uure Sludu !. For a mmber of )ur!, a roqulrt-mrnl his cisted In ‘the

: i nu'u.a of Ships te detirmine whether 3 ‘nedd € X188 lnr Countermasires agninst the !ngrus of ;
' padivactive cm.umuuuon into lhips ln(crlor: and !o d(-w.op r.uholox..nca. murur'masuns, u -
'rmnr«l. ) ) T ST




anresog

See ma'm XS .w.'d !

vah r (CL IH) J\'nnrz(.uﬁﬂ‘l‘\'é’r otialt’
- late that which would be guirraled
.'f lry a deep- un«lerwa\rr c-xplo-uon. all‘“h'-& 1 was Rudied 10 wu-rnmw the deposition charaes
Lt ristics of the adérosol throughout 2 tonteeF corhbistii A sist vm and 4 fireroom vemitation -
Cosvatem. Traddition, Liboratory s 3 were tunducte at i 23 ‘C. 8. Nawal Rad lonieal Difense
- Latvirae ory l‘.m\l) using modeds 2 0y p‘ al v vmlau -a.7 ..n-l .omhustmn Sair systems. These ‘
studiesy \ur ; ﬂ:h»h«d) e u-'\lc d n..x  amoantd of the traces w»n- de pn;m -+ afory the ‘.u!s
‘ e system, No atz f'r.pt \rn m.uh' to vstimate the potens ™
C . s il ’r:idvi-uiu'n l-.11.:|rf'l fud‘ the 2‘r * ey Tagioactive. gy ~
il SE T Piecretica] studtes Wave Yodn T ul e’ Fudiotodreal sl-..
e o CARIPR e i 0 Cen ity S frdm ..'- sk rw. m‘r auets |r A

on !‘.at -.muld le! ot mnﬁ\xle
'vn..-lm-\ Rt

l'c' ' AT "\r‘."q.‘. i
e it s idn v l PRI
: 4 TRAUThE iniutlation Yazard (due 16 leik
o L ane ot co-nUmm.xtud aur trom the Lriis syatemis. inty khe totior rmm’i)y'\vuld b Jess thau the
B o b Cy S ‘porans ible amoant hslvd in Retererde 3, Faum.m‘: of .
’ »}',‘"" nesrby -:p.u'o:s due to r.u!mm- -am lurummalw : lmhr s\ -trms. atid 10 nn- hn!cr
Troum the ough lukJ,.v (rom the 1. Svsteins, weremaxisium b.nsm! on a shyp vmry hme of
1 minute after shot and a stay tin.e i 10 ms'm‘s The vnumum Lalrulm-d dn« s \ re ?2 and’
S S ."0 rrespec uuly fur ‘the cpper a:s .w.ar l-nh-r roon levels, . RERRARE :
- e For Cuse 2, estinuites of doses:y P rko:‘.-n! inthe wFTer cl u( a h-nlvr Toom wire rrade i
RS assumm., that all of the COMARIL Lt 6 0! i the uvmlm stivd ait was de prosited aiom the duet:
5 sv-=u~m. Anaunung an oulsldc A "curcc \ralion of 1 u."u-, 1 at 1 minute and a’ %Mp rmry
: ,limn of 10 minutes after shot, the --.m'.m-d drsde’ n,‘ e: 800 in ) hour, 1, nO0 ¢ ',“ 10 hours,
and 1,600 p in 100 hours. 'I'hus. sietita low dnipnmlm". ® hclcncy of 10 percent,’ “personnel’ o
L expused for l') hours or moro woi sechive a dnm‘ ;_rr-.m lhan the mihlary pvrm:s«nblc- dose
L T{Refepence 4).
.. The résults o‘ﬂalncd in u\ls l‘\t‘.‘.’t!.(‘.ll q-m) lndu'il!ui' *o m.-vd !m- rqwrtmvnm \mrk on’
", depusition of radloauhny in ducts within shwm.ud sp.nces sSupplieg ty lurcvd -air -ss(oms.
“ventilation or comhustmn, as wella nieasure ments of ex‘.vrml radlaﬂcm intc-nsm upun ‘!uch
_culewlations of radiation dose micke be base d.
Further theoretical studies (R-‘ercnce -3) were madv rel.vh'c- to the rmhatnon Mr\rd from
‘contamirated aerosols enteriag v the WE m..ulon sy ah'm. The deégree of hazard from .urhorne
' radioactivity might be e‘kpwtc‘-d 16 izpend on the type and extent of duit contaminution and the’
soquvnre ot “hluur: on” or “bled-rs off* r‘u-mg and alter m(roducuon of com.nmm.nvd air
into the s)swm. It xas conclm‘v—‘ at, had cundmmi “Llowe r1 off * éxistud at all fimes, lhm
estimited camma dose would be Frruccd 1 aprroxmm' ¥ 23 percent of that uhuch would be
‘exprcted with blowers on. Tlased o activiiyof 2 lo 31 curies 12 at 3mintte; it was concluded :
that “the “blowers off condmon L .'.d res n no reduct u»r of con hat cﬂl\ ie nry from uﬂcrnal
Cimma dose. ) ; v
. - Tests were cnm‘ucted on lho vc—
ab)oﬂ:\d to the fallout from mfm'
lhvse tosts, 1t was «‘Mermmed tha

‘u‘

an of shlps (YAG " 3'.) :md 40‘

“ ,o'x ar.d bnut-r'al.
23 e surfice oxp.osmns v‘urlm: Operation (.aslln. ‘From
i5r the condition: peciliar to Operation C-\allﬂ an :\erage "
; at.r.horm activity concentrativn protecicd \‘c--\nmtun teat compurtm--r.ts wis on the brder
ot 0.02 pereent of that avefae ¢ niration .ound \nhnrrsxde (Rv.-fnro-m:e Q‘v) Dats from paper-
" Ailter and n-lo-clrus\.mc “orecipitat s prn!om\o- do\ u:cs n ! o \'t-mxl:nh-n 3y su:ms ;,.n'v even
!o‘vr values. . Ly :
Th:\ conum‘ ating’ e\'t-nvs dm- 2 Castle -u-rc' !uslca.h' dmrr(-nt 'rom thou- darin S‘mt mker
; Corre'ulon o resulu oht:urm! !r'_ Opor\tlors Caﬂlc- }!Jrr’mck and Crourmds vm be h'!l
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- .\cm'o ﬁ;:o—on pmc‘.n-u in avrosol form, d any, - ‘ould be caused prM»mwmtly h, the external
U oxtale- huu) iT]adiati@d (Redrpeine T), Repn 6 from seweral fh A stiddicsd atte wiple d 10 deline 'ale
the internal radiition ‘azards dué te inhalation of fatlont {References 8 throurh 10). Inthese - -
studien dned by the orvmal €aleulations (Jicferince 11), it was ditecmined that the mluuliou
harard was smait mmpaud with the ¢otiinmitamt extes nal radiation huzard. ;
“tn the field stdu s re fere acid above, though little oF no physicat ¢« charactirization d thv

} hllou! materiil was .ucum;ﬂhhvﬂ the “1llout was dry and insoluble. - No {ield data cxisted oa
T e pussithinlkalation kazard asseclated with an underwatés naclear deteration - Alter such an
Cevinr, the snfalation hazard ancht be eciniderably greater,” becadse of (e pssible high soro-
~of concentrition and the « -lunlc aature of the cor mr.m A A Waler Lrosal Lalmratory
e x"--'*r FEE SN § I r"l"'-‘i! N RN AR LRI Pl OIS m‘l ERARTE NI .\ yorealer
urc- i tran tre Saanie ML e ery CReterenae 1) . : ' )
co IACCUTAle measure mm( of PATLIEe $12e, @iF Punds m-.mms. Nm-m .,wura. .md othees

' r.h) sival cinracteristiea of fallout material tn the Lild suu.\uom of Yarus kuds are not availe
_able. “Therefor e, it ts AifIEalt to simulate ficld eonditions in the hlnr.nor\" EAPPCRS e the

‘ mh-rml ndulxul ‘Fazagd 0 termsof .A.rwrm-’un rwnrai‘«ms Al enpResure tine duns mo
L wruratvl) intiv ate the rudiatich dosie to lln.- Lisis o cther tissaes, - Also it is ditticult to char< -
; ach rize an mh.ahhon hasard in’ h-rms of ta chenucal- ph\su'.nl prope rtics of the deresol.
E\olo;‘ual samplcs in the form of sr a1 animals hive been used in latwratory inhalation .
' ) studlel and provide an empirical niethod for asscsuiny the potential inhalation hazard to'mun, © -
Mice were used in the hbnntory cxpor ments and wore Selected a8 one ‘of the animuis to b
used in the tests. Guinea plgs were alan setected for use, lwr.mn 1 has boen found (vavro-nﬂ-
< 13) that parﬂcuhte matter of approxinately U micron in dianwter i» doposl od most easily in
-”'both man aml ...urra p-p, appnmm.uu 50 pcrcem in c:u'h. L ‘ SR

2 1.2.3 Fxpv'rm.vmﬂ Cons!dvr.mons a..d Scopc n( Tv*ts. le lol!nwmv tY pn- o-m«l in Bi
o( upvnmemal bhackgromd, as uperm.s nul \wrk on the im‘ress of radmac'm'o ma(--ruls sus-"
pended after Op»r.mon Castle. : ; :

Th e r:dl.mon SOUPCes comribunnb to xhe r:d‘.mon field h a -shmlmrd mmmﬂmem m.n) hn-
' o classed as: (1) airborne and cleposued dources chveloping or deposited on the ship's weather
) Jrhccs, 2) A.uerborm.- sources, (3} airlorne and depasited sources within adjucent comjarts
ments o lhcrc i m"rus'l, and (4} airborne and depusited sources within the unmmnnu nt if

ere is ingress. In any compartment in which there i3 Im..rﬂs. it may be nvcoaury tn con-
‘mdur sop.lr.l(t'l) airborne and deposited sources in ducts or structures within the cn-nurtmvnt.
S T'us consideration .wplws 1o any vertilat- d compartment contitinime :uppl) duets lind blowirs

L Jnd is p:\rtlcu!.nrlv applu-.mle to fm-rnc s with thewe hn!ers .md :uson.m-d high- up.u'lt} air
o gystems. R : ; Sl :
"4 The dose r:nc in a comp.\-trm-nt is t..v sum of the c'oso rates due’ m srxadnauon by earh smnrcc =
" vach dosé rate component ur}m" indepe s t‘r-nll) is 2 funetion of timie because of changini amounts
uf r.cdu\.u"iw m.aurul. d&slancc, frtervening shiclding, and various decay rates if 1r4rl|un.mm\
varie atmony: the se ural sources.  The abov e-ma-n'wr«d cunsuh r.mnns make 1t obvious that the
i -vxwrrul dose rate in an ingress rt-mpar....vnt dae only to the |n..u»s nf :on.l.mun.mls is nade up-
- ’Auf several corr)»r.m(s and t‘ul the sum ¢ of the-s(- wmpon(-ms nu) h-\ o l) a4 tr.u lum u( th(- tnul
- dose rate: X :
‘ ] S Consideting on j.' :lirburno anvt a positet Fadiogctive 'u.m n.u in a \o-rnl Hted v um;nrum-n!
2 F(gu‘c 1.1 fepr s a kyputheticd al reiation btlul n the anounts of totud airborne and dvposll-

,ed m.n«rl.ll as a'‘furction of time. The' ¢.rst time puried, € tot,, represents the !mldup of
" tmatérial prioe 10 any’ (xtaust and is’depe 2ident on the cnrcontraunn available in particle sizes o
lh.u tun ho carru d lhmukh lht- air s..,,pl, Jysu m, the q.unmy oi air supplwd and aif erim- a
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G t!uuwn uuk d the aur cur re ms'brh»n- re uchu.., extlust terminais, Duru R .md G p\ri-
‘od,' %, 101 thare 18 both intake and extuust of matertal, 1y ‘Leivi the huw whin 1itake ciases.
Either during mn p--nod or suon altervard, there mll Le sume lime. perhaps orly ‘momentary,

" when the rite of muu i equal m the rate of Cxhaust '-!us the rate of PoNition, and the total
’} nuu-rval curve’ may ‘be flat. l‘urxm, the’ linal’ peﬂod, tto t,, v e!hnu»l is the ouly mcimmun
v chmung the mnum of material in the' cnmpaﬂmrn(. ) . !
" "he eqation given In Figure 1.1 for this period is hncd oa the aswmpuun’lh.n the nlm d '
: ha e Of autorne matertal due to Zahaust and doe te dvpomuon are vach prnql)ﬂim\al to the
.mmum ‘of «irbofine material present. - The vquation demonstrates tlul the rate at which mate-"
L S rul is exlausted from the compartment is depemiint o hoth depngition and rxh.lusl rates.
ey T"ui ‘he ‘apher the rate of de pom‘un the more rnpldly mll the total miaterial Furve :pprn.u-n
D Al firal depaait value, ln-. wise thire is less mztrnnl aut o( a -vi\'vn ‘1ot W Yoo evhausted lor a Tl
“n r te 4 \'l haust. S : '

C Shedare 1D Feaen I i e A5 ¥ne i Jnl. W ‘m-rul’u i
5 Cfatny aird aiad doposition 6f nate Fidl, if atiy, " an be drgected.” ";'u'-'x unis Jré tie
. g ‘same a8 aven dbove. The prmmp\l «Ilﬂﬂn-nrrq are that durmg the Lécond period the cur\'
S e’ 1.4! inticating d constant amovnt o mat'-ﬂd inthe um;pnr!mcm due to cqual jitake and
Texhaust of material, and extaust aie movenwnt alone governs the rate of d«p!cuon of muaterial
in the comzartment after intaie ka3 ceaned. For the firal period :uwr intike has ¢eaved and if
_rivis assumad (h.nt the m;m-rl:u is umifornily distributed - -umform conee muuous throu..)nul the
:‘;rumpartmvnt—-lhe dilution dquatlon Jiven in Flrure 1.2 may apply. B«'wu th tMs cuse the -
crate of material removid is equal tothe rate of charge of air in the 'ompnrtment lhr corman!
% 15 -cqual to' the ventilation flow rate dmdu‘l by the comp:-rtmem volume. .
o Figare )3 represents the case \\herc all material is depomted Immediati: ly upnn lntroducunn o
and may more nnrly approximate the action In a boiler and fts air sysh-m than a ventilated
Y COmMPATtER M CThe assumpuon in this case .mplh-l that rapidly acﬂng forces such as nmpaclion
,; lrom a h: sh' c-lm ity air-lrn-'\m arc the princijmil mechznhms poverning particls behavior,
. - Camma d0se rates Jue to radiouctive materials in a compartment are dopendent not only on
o 'th- amount of material in the commrtnwm ut also on a rumber of v-uruhlca such us radioie.
‘tive decar; dmnbution of malu‘ml, and pboton sncryy. A.uy of ltwse Iactors, particularly
:di-cay, “ahich s qule rapld at the rarly tinies. after shot th:ll :re “of irterest in these te sts,
- L when used 1o convert 'a material cnr\e to'a dese rate curve (or vlco w.-rsa) may clun..e the
- Pslopes and times of peaks. ST ; )
1A direct measurenivid of dose r:ne as’ .n lumtlon of llnm, due only 10 lh-.- lngr(su of radloac- .
: mc ‘material, can’only e’ mdde in a mmpartm ot that’is ahwlda-d from other fadiation sinirces,
" a'siturtion rot tourd on'i ‘destroyer. - l! two siiml.\r cump.lmm nts could be found one of uhlch )
¢ 2was vertlited ard the other scalid and the do-w rate diffcrencds due to unvqual st Wing dete r-
,‘mmcd Then any remaining dose ratédifferince \muld e due to’the ingress of radioaitive -
S materiadls. DVt mination of such 3 shii .dmv- or’ normi lh:l'u. hv.tor lnl\uq-n tao dose rate
T measuremisnts at citferent shupl-urd 1oc 1tlm|s m.lv I quite difficult or wt Lest be '.ucom;unu-d
by large wn vn.unlns Where“the u‘.;.n »S duso rate is'a sm.&ll dl"\ ‘refce between large )
: "numht ‘TS, 3 ard may by wqual 1o the uncd riainty in Nw lar;.o numlmrs, U\U\ an) d-:h.-nnm.ulun lvy
" difforeticds s almost impussible. ; o
Lucertaziiosin this estimating tcchmque are maxtmnm for commons of l'-lpl(ﬂ)’ rhmu,lm'
“nonupilorm radiation sources whire the exterior dose pate component 18 the principal dose rate
umpunm: “Minimum unrvrumms usult when r.ulmtnn sources clungt- slowly, areuniform,
and c Jdose rate dut- 10 ingress s the prc domh.:v-t dose rate compom nt. U dosc- rates dye to
Cingre 58 cad be determined wnd correctid {or ks cay, te values so detirmined ary pru;nmmr.al
" it the” .unurl of radidactive rnmrnl in the comp.nﬂmont as a function of time and, with some’
ssumptxa-: ard approzimatiors, \duvs propnrtloml to l‘rhorm: and deposited mate -plal may
‘be derived. Ratonu rslon of lhue emnah-s to dose r;ms ami mu ;,raur.‘. wuld pive lhc nm.- ;

B
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‘ !-unm roasssumptiors and ..Mmmm- atons e ey o Cuivant deuy ,t oo ted diye rated
to .-slim.m-s ot a»rmrm cm\crmr.\nnm and de position of mater sal per unit surfice arra as a
function of hm . The uncertaintics in the dose rate data, assumptinns, and :pprnlwlm :
may lead 0 ostimates of such um.vrmnly that equa'ly qualitative inlormauon mh.‘s be ohtatned -
with less etfort from an inspection of duse rates md |hair rehuvo ma;mtudr- at \arlm mn-
tivas of vlwasuri'rm:nl aboard ship. ' \
“Am alterrative approach is the reverse of the almo lbf mﬂ tlu- aM m‘mmm ol ra-
Cdwactive mnatesial as 4 lunﬂum of time, using air and surface ump‘.ﬂ'.; Using the same g
s approxtmations and usumpuons as alwve, the dose rdtes Jue to aCrborne and Joeposited radio=
“oractive material may be ostimated and added to determine the dose rates due to ingress. The
"samples obtained may also be utilizéd to determined particle sizes. Srmpling at am exterior
Toeationy wart)d provede data on’ nrlur'w copcenteations ard panlr]v sizes avullable for intase
Ceoto Vet ce s sesteas for u.mpnr'w with sianbier 2313 rom ve muu g rnmmr!n.--m ar
IR A TR PO O PR s e ‘.hm-\ LT 's--m ted 2o i ‘ul)"h Mrstei charac-
s isles,  Location of samiers in a compartment n...y Lae'very impactaii. I Many shiptawrd )
yentitaton sy ‘siems are not desigied t0 umformly change the air ina enmpartinent.  Sxamples
‘A€t machine ry Spaces which employ spot cooling and spaces Where nrocoohrw. {ventilation) ‘
is provided to remove heat generated by equipment. In thé'se canes, distances be un-rn supply ]
and exhaust vertilation terminals may varv constderably, and there may be rehlwrlv dc ad air-
" npaces due 10 short efreunting,” where supply and exhaust termiinals are located to primarily
' d\.u i airina pamruhr part of the compartment. 'rlwn-(ore a sulficient wmber of simplers
) must be leeated on the basis of airflow patterns in the comp: rtment. ‘Additional samplers at -
ventuation intakes oe supply teriusis and exhaust’ ‘terirals indy be used (o determune uhn
ol lnl.lke and exhdust of material start and stup i sumples are obtained as a function of time.
S Te obmn samplw a8 a function of lime that majy be useful for all of the purpnscs indicated
- -above rcquuros a mmwled‘.e of tiw time history of the eaveloping event, which couid be nnly
Qualitative l) prodicted, in addition to ventilation iir{low rates aad p.mc-ru. .
The cmmd. rations given above were weighed agatnst limitations of Umo money, p«rmml
‘ onmlc requiremoms, aick operatinb conditions to dv termine the scope of tusts asd the lspvs of
: ln.ﬂrumc-m.mon. The choice In scope was between the measurement of all paramétors ina
- rumpAant. ‘of simpte ventilation geometry dnd shielded is tiuch as pussible from exterior
“fadiation sourees, or'making limited nmicasuremoents in as many compirtments as possiblv-. .
" The lafter choice was made based on the possibility of oltaining gross information from vamma
recorded data and postshot surveys foF 2 ‘wide range of ve ntilation conditinns in the event of
. instrumeration failures or loés of saniple data if early rc-ru\cry ard counﬂng eould m( he ac-
2 complished beeause of high radiation flelds, - . L . [
' ;Arcordmg).y the scope was detérmincd as follows: -
Tests would be conducted on one ship only. : : u ! :
2. The center. d-stroyer of a 3-ship array was svlectc-d aa e test ship to be loulul do'n- :
wind from surface z¢.0 in the predicted base surge or fallout feglons B
3 “Three compa tments were sdlected for ventilation testii to cover a wlde ram.e ol ven-
,th:l!ion {low rates and lncldo-nully 2 wide r:m;,c- of ratcs o( tham,e of . alr and a varmy o( alr
N dibtnbuuon patterns.- 3 'y R . RS
: 4. Tost compartment ventilation syau me w\.m ope rate \vlth an indund alrﬂo-r of “0 por- T
_“wm of normdl 16 simulate the countermeasure of “Liowers off.”  Pring’ shlphoard teats had
“i shown that, with ¥entilation bluvers off, airflow varicd from 0017 percent of normal. Twerty
S percent of normal was -electcd (o provtdv a lmown nuzlmum .urﬂo\v t.o umu.au- rwnh-rmeuo o
‘Fure conditions.” . L . s s . -
d é:.'». In one tirernom, whlch was not uscd for any o\her purpo:e, !-.-u pou-r aw'lov wuld be
malnuirtd through an unfired bolder. The ventilation opomr;s for this run.panmenl would be
" closed so 11t .my udio.uthe mau rms in the computmcm wc.x.d be thr to lukas:e (nm (‘n

;ui '
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" '.l"'l,.-i.

e | ) x . .
) ot il corceracd with I--u.« rart .Ak....c- .l.u..c Ve ek of Coninstion’ feffiers anuld il E
U e evRcted to prehice de pouition of u«hu«me mate rial in the bailes and s air 8y stem inthe
iutn- amount that would eccur under full-power opc-u.nn.. coumm ‘hus meu mld br ex-
Sl wﬂ'-d to influence any dme Fate measurement. ;
- Earh of the fout test spaces would be inutn.vm-nlod u Ioum ulh:
‘ t " Ganuna-intv nsity -t1me’ recorders (Gﬂ‘ll's)
2. “Air sawplers to sampl as & function of time," usi
" separiic pasticies tito N-v-r.al ranges ‘of particle sm-n. .
R »ur. oo samplers as total collectory of dvpumud mateﬂal. ] m m k-umle to mrmp\
e obnain'the e samples as a fuction of time. ‘ The Samplérs were to use an available film lllf- "

“ace that COuld e i to determitive particle sizes by mucroseopie enmimuoa. ' =
4. 7Guinea gy dnd iniee “avuld Be dsed for inhalation stiudies, i : o

S R REDE |'.\m|~t ey At AL e desepitied Liter, no aie smplc tuta was c.lt.mwd 2

Ta factom ot i, led TS nraiied clieets of m--m-u-— .m.l $2i0 On the SgFiacy ;..mphﬂ n..-dc .
fn m\ms-nhlo m dlsﬂmumh ndmdual par(tcl«s. L :

[ an anihbu nmpler drnhu\ed “

'

! 3 T"LORY

Thw !rchulqacu. .u:ump'hmn and anproxnm.mons ased to esﬂmle ﬂ’e do r.\\lr‘g‘iﬂ'd ‘dds'e‘ L

du-. 1o thc Inbrrss at conu mnanu are descrtbed bclm'

x ! kY qum Ates ot Dns- Ralv 3 l)ue to l'l.ldmhm 'N)M’Cl'l lnsido a Com,nrtmnnl Two u«-’u‘\ei"al‘

‘ mcl‘u.xls of v s’muluu, i JON A tates duc to lhe lm:n-:s of COMAMINAKS aere discussed in’ Su:uon
1.2.3 Dased on Kamma‘dose cate me awromueu as a {umu'm ‘of hmt or b:\so»d on r.mmacuv R
autérial collections as a function of thnes ' S

- Th.- :m-ps ta the ﬂnn muhod are shmv‘ gr pMc.u.y in l‘u;m-e l l. AS b-lore"

ume .\t bhlch mtnke n( "admacuve nul«rial ltam

ume .nt wmch vxhauut of radlu:u.tue m:m'n.u uum "

Y llme at \vhteh hu.ue of r:u‘loac'lvc mau.rlal ltop'

: doae fate al any time’ t ln lm.re;c companmem 7 Gt

. 5 R TR dose rate at .my Nme t nonlngn'sl rompannw.nt or en dock not mlllzcd !n
L L e e R T dese r.m- in ln,:rtsscompanmont ‘ : :

s

) "doso nk.» compom: nt al :\ny tlme t in ln..reu compart 'dué !o"lnj'r'ou -

[

Rg % »dose r.ne cumpom-m at any ume tin Im.,n S8 compaﬂmmt due' to (m‘rlor
: rad‘Mlun sources ‘ ' - Lo PR

. normalizkng factor

& time of normallzmon ‘

3 ﬁllme altvr M\dopm(-nl a.nd close (o esum.\h-d tlrne
bt- -hsllm’ulshod. e :

I"t*li 4 ‘ca'n rcusdmh(y

"l"n- h\pn'hr(ical curves slm\n owe thu-tr shape to t\'o em m-lopmu:u by radhﬁnn sourccs as (8
: the ¢ase for which data was otitalred, | Determisation of ty may not be possible from this data
L alone, t, carirot be dets fmiced ard 18 thérefore neglicied, however ty and te for esmmung

[ purposi's may be determincd zpproxim;uly lrom du.ay corncted dov nte data .md any olher
o e\’ldence available, - @ - #
T In the tirst step, }'u..x;e 1. -la, the Hme (\ ts ulecud during 2 pwrlod rh«n muly all ora’ B
) 'l“)o' part of thc dose taxe in an lm.reu com“rtmc ais dne to large ecorlnr radmlon lmrcel e




! o -
Ry " F V-0, 1=y
Assuming liak Np is wastant, Uw'e

lt Seems rtuomble that ‘| al ty should be a! k-u( «'quu 1o or zrutn tham 1 at t\-

‘hecause of sume combination of airborne amd clrpomtrd matetial in the h\,m-bs cnmpnﬂmnl. :
'Assumine vquality, a iew norimalizing farmr in «k-rlved Thm ’

“x -

and anew | H determined at time ‘N usIng the new mrmanun;. laﬂor. The process is re-
poalod unty lhvrc s no slgrmcant ehange in l, or NF and it ll lhen :ssumc" ﬂm R\ 2 RF

w5 at any tife {(Figure 1.4b).

l at auy time l bv'hwcn ty ‘and’ l. may be dvtcrmn\cd \\'hvre

and Rg = (a,‘ x u,.) SR B
"‘jlor' :‘iz‘ 1 - Rl (nN x N‘i) h S tS te ‘.(’1.1)

l.n a1dmon to lhe uncertamtlel given i S(-cuon 1.2.3 lor thls mﬂhod must be addwd tho uncers
taintics as 10 the correctness of the nurmalizing fuctor and the assumption that the normalizing
'actor is'a constant. : It is impMeit in this latter assumption that the dose rate measurement a
.each location’is equally ln‘luem'ed by all exterior source geomt-trn'l. :
The second general method of estimating Ingress dose rates discussed in Section 1. 2 3 was
“the’ convirsion of material collection measurements ta dose rates. The basic measurement -
'c(;‘.uro:d to estimate the duse rate due to airhorne radivactive matertal is the determination of
"the concentratio: of alrhorne mah-rial as'a function of time. The air s.m\plo.s ohained were
collvcted as totl :amplcs for a 2-hwur period. Thercfore, rites of collecum\ had to be ap-
~'proximated, which together with khown air sampler ‘low rates could be used to approximate
airborne material concentrations as a function of time. The time of siart of intuake ty was .
estimated froim, pamma data amd the time when sampling stopped was knuwn. It xas assumed
that thé influx of matcrial was instantarcous and complete at time ty, and that theréafter the
“awrborre concentrations were reduced onl) by exhaust dnd dilution with cican alr,

The equ.mo'l for conversion of airborne concenxr.uions 10 dose rates is given in Appt-nﬂlx A
iibased on the deterfizination of the dose rates at the center of a sphere whose volumis is equal 1 ]
£ the compartment volume and the assumption that concentrations of material are uniform through-
" out tars volume. This equation was mrchficd o include the approximation Kiven above for ap-
porum.mr ‘the s.amplc collcetion as a function of time and is also d¢ nwd in Ap,’nndxl A Total
e lamp.e musuremenu were in tenrs o! ﬂssions. dm. the equaﬂon in: .

n . 107 —'J- MKr, _”(,l-»zi
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L ,,unu4 crary o m‘s-&lun ate al uw time 1, Mev (10‘ tis- so-t) )
cm\\ crsma factor (or Yamma {lux to dose’ rale r he' per Mn/cn L
: m.x...-m radeg of the anhare, rmimuon : L ‘

To cmm-n the amita n( the r\mnu!ml Mrhornc ronernlunm in ﬂw k-n compar‘nwn ‘mm
’ nu/cm to c-qmuh-rn ,.r,rm’ at ;my time I. the’ lollovmg was ue‘ : :

Ly
A e b X
; PR - Vy Kl

A hnnw onret

then us 4‘~1\v fis vm

-m ey

hs-mr pvoﬁud miature at’ nrwus )
n-cb

\d‘uiv uf the dnsmurr.nwn [ & ne ul plo

“times alter slow neutron hssmn o( lO‘ Jhnns ol U i, dll/ (IO‘ lu-
ok (vaererrt' 4) L . .

K = 377308 da,(uc m)

for the anumpﬂon of cousml conn-ntrahon ‘

\Y:Whﬂre: l;‘ 2 !mal numb.-r of ﬂssinns rnuocuvd on umple
R e \'olume of air uamph—d cm’ I :

La'.nuuoa of N nl(\ae ralt at thc conlur ol a rommnuwm d.w 1o radimﬂh mah-r al ‘bpuuu-d
an the compartusent decks or bulkheads is ha-wd on materiat da-pomted pur “umit an-a ‘s a'funes :
‘ tnon of tune. Sampies were not collected asa luncuon of time, md only lhe most sn:r,.e approx- LR
' xm.mum ‘will be made, ' They wilb b doscﬂlv-d Iter as applisd. e B
‘ Fur a measurement of dvpusx(cd niatérial per enit surface area,’ u -1l. 124 anumed !‘ul the
total area’{drek or bulkhead) is umlormly contaminated and the shape of the APea 1s 3; prox: mat-'
Ted bt 2 disk of equal ared. The duse rate is then r:lmuhd fur'a pusiit aliove The Celtir of l..e
um(ormly contaminited disk. For Uw case of a uuuormly ronuminz(ed dnsk 'he lnhomr.g «-qua-'
llon, dorlved in Appl ndix A. ls used: - . } . ; : Lo

’f-‘n‘: _;’,&x_\sao

SR ,u,.r'.'a) |

, *W . ‘(*9/.'4"?,1' g

= dcu nle it h (oex above lhc ccmn ‘of a um!or:nly conuminalc-d disic at ;
time t.rhr i : 8 . i [

= maxunum radius of 'disk fcn.-t

3 san'plv count rate, counts, mia " . :

= doc:v .ntor to convert dose rate at umo ol umple cwn( to dose rate at

Lotime Cldinensionless - , B

= sampie arca, in? :

= gamrra flix fo Yose rite convé

" anima (i Moy, photon

2 detertion dficiency of counter, counts photon :

= po rptrd»cular distince of point lrom dlsk fem "

k2 corvrrsmn lacmr 1or n-ms. 2.6 - IO" mln cmi-sec

’_Cbﬁflbéﬁﬂd; .




P .
R

"r.l‘o:slro'l-o(.; .rﬁmd'..u FY
”ad'rqu te for dmr-mhmatm: Mt poses and, for the d.ml oitained, ‘should provide an overesti-

‘ tiate Bather than i uiderestimate of dpses. “In the air-samplé-estimating technique, alt of
“the milterial 13 considored 18 have been collected at the Leginning of intake of material. - The - R
elfect bf decay o this case ady r:-:-.pmutc tea 'argo Arneres, or .-.vo-nompcnute for the fact . .. S ' :

:‘_‘thal SOme mau«nal came in n !.tcr tiuies or was 'a lbo comnmucn for a longer um peﬂd.

A rate Listory. Howeser, tay should ie oy

. 32 lnh:lldlwn Haiurd. The occurrence ol an :nmmlon haunl from radivactive acronole T LA
L may bl- determined Ly measuring the uptake ana retention of airborpe radioactivity by the re<' ‘ ’ 1
B splr:ltory systemof small animails. Precise’ evaludtion of the intérnal radiation dose from .
) m‘ulch radwactive contammants ‘is difficult. However,” awroxlmaﬂm, based on uperiwn(:l -
© data’ ubl:me-! from animal atudlcl. are feasibie (Neferences 15 through 17). " In these studies,
e o 1-7--1 -1 mmu 2 Gsstor products 476 US4 aa the busid for eetim: .mw Heta conrentration in
teat, v, i i mant w1 T the <hige of Y 'ln r.-'u'!pu 18 darfited 1o the arFan of tiseae'e on-"
wf tarny g ihe'v m'.m.-'\.mlv.’ (‘:\rul:un.r. o1 the tnta oae is essentially an cmimate of the t--u '
" ener Yy made avirlable by the decay of a quantity of the isitope per gram of tissue, DoEe
. _'., 1'h ¢ilculation of the duse 18 based on several assumptions: (1) the ;,amma activ lly of the
. ',"conummut per gram of tisxue is assumed to be proportional to the beta activity, when cor-
rected {or 2'\0 ratio of beta particles to gamma photons in the fission- -product’ mmuro st the
time o study; (2) the radicactive contaminart 19 evenly distributed in the organs; .md (3) lbc S
beta c}wrn emitted da ~1'organ is completely absorbed within that orgam. ' - :
) Anl:pprmtm.mnn of ihe dose rate to n-mm.u llsauu can be obtatm-d by the uu o( the
; ldnm?ng vquation 'Rr.v-renfe 17): ; : :

= dose rate at ﬂme l. rad/hr S ’ L
= factor for conversion of units, 1.15 x 10"‘ min, l\r, en.s, Mev, rads per .
erg, ‘gram and .ncluda-s a hcm’ of l 2 lo convert Q to beta dlslntegra!lom
S per mirute
};Q‘ = gamnfa activity of éach nmple at !he ume ol sample count, d(s/mla
W s weight of _tissue, grams
_! = a\erage enorgy of bua pnscles at ume t \lqv/dulmegrauon. 0 GS

1

.
|
:

o Doqe ‘rate or activ ny as'a Tenction of time changes due to both ndlolng(cal decay and blolog-
“teal proceslel- These composile curvn asa .mcuon ol time ﬂu be referred to as lurnover
" curves.”
; The totat dosec roce:wd dunng any tlme {aterval may be oualned by hu-grauon o{ n, over
- the ume lnterval tn qucstlon. : .
o

EEE J o (-i;e) :

o ] D a dose n rads be!ween ‘l‘lme a and Time h
The organs of gumea ptgs and mice invest: -.ued in this pro;«:t wrre lht' alvc-olar uuuc. o
larl:v ‘intestine, small iatestine, stomarh and éscphajus, liver, heart, kidney, !rachﬁa. nasal : ) .
‘passage, spleen, and a tiha. Mler Shat Uzmbsella, counts of the thyroid were also made.: “The = E . o
.7 activity oMained by counting the remaining urcasn, when 4dd¢d to the total counl ot !h( on,.ms, (R
Lok resulted ina nhole-budy count. o ‘ R ;

) [
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LM man e ~
oamnptaon of Ibr !‘QulVIh‘ll‘! of « n:) vmlumn .md Ahwrmnon ‘By extraptating the Jdose
: ;,\'.ﬂuﬂ S ulur\«d inthe gumn pngs :nd mice, - ap\ emmno f the done 1rom inhadled u:alerul
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TR B Brigme. Wk e - ot ST S e ] . -

: n.{olodcnvt‘M""Af’cﬂmu~ LT

=AEROSOI WHICH w:u. :
’ BE EXHAUSTED e

Fnlgul"c’ 1.2 llypot'n.-tu.al uarws for thv.- mgress of ra«!umme
! Jm.m.nal assummg .All malerul lo be anrborne e

.

™~
™

U Tateral’
D = DEPOSITED |
A= 4EROSOL

- -
SIS m=a

RADIOACTIVE -MATERIAL - -

TIME
o ~osca¢.£

l-l;,urc L. 3 H)pulhllc..l. c.‘r\c ror thc .nguss u( radmacme
mau.rl:xl as:ummg all matcrml to bc deoslw.L :
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_ DOSE RATE =

T T D et e
T TIME T
NO SCA(_‘E. ‘

‘@. F19ST NORMALIZATION

S B T Ri -R,.=I ATANYYIME’“' ‘
o Remo Ru* R;,DOSERATEDUETO
f\ . - EXTERIOR RADIATION
SOURCES B '

DOSE RATE .

B S TIME
- NO SCALE

o

b, ,‘S.'EC@ND NORMAL1ZATION

thurc 1.4 S 1NN ‘r"s.’mlm;, nomm,ruas u:mpartmcnl dﬂst. xaua to mxrcss W
comparlmr" J.se ratn to ubum dox,c r.h.s due to n;;n. 88 b) :l:ih rence.
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‘PROCEDURE

",'i;’x

I\STRL\" \TAT!O“

CTHhese mslrumvmg romnsl ol tw ree
r'\nwl' 's. mrm‘ﬂmi by a cable to 2 batterys
Tatitma
: i ..m'\- e AR minge ;n.l:n 4 are
ree uru‘wl vt 4 it chanmel,  Thus thv Time borwe -n "ulw; of pulse (n quvm'v isa ‘measure of
s e, T’-' noiial dose rute r.:n..«- 1y '.) mr Wy m W7, U r hr. : :

Tt se dnits were simeK-mounted with the conter of the uamlwr sinsmitive \ulume 3 fﬂ-t ahnn
the tige k ¢ oling corls were privided around the e Lll’Oﬂ\rlvr c.uo- ‘when' umw ‘were msu!lvd
m lnrr. “lemberatire rump.nrlmonls (Firure 2.1). . ; . : .

A m-ml«u de srrxp(non of the :e umls .m-l the c.mhratum h—chmun uwd m .n.nhbh in Rd-
erence 18,70 : i - ey

s atimine '-‘\I-"'" Pilses for 2 grven

T l"-, Y ke “u"x"(” 'é m! ot w'ur‘!'.umn i |\n| M

u w'*\-.um-n-l- r hlu-r umt. A pre- llu-r uf Hollingswor
) \hm' S.dﬂ) Apptiance 1109 filter péper, backed try a Millipore mtor .md supported on a wlre :
. -rr- ‘*n, was used, An airflow of 10 1 min (c'm) was maistained by an NRDL Lunst'\m lluv )
* sueten unit (Flgure 2,3) developed tor use i rify Opc'r.n- <
8. This sampler wits tntended to upc-r.aln mnumounly from H=5 to H+ 65 mmuu‘a. ;
Airflow calibration wi as ace omphah-d by .ul;ualmcm of e ‘e constam:{low control valve dnd
Lusine a ¢ Umr.m d Hnu.m)r to measure Jirflow. - The F'u-xr:nor is a mete rhu, duvlce drsu.m-d
to mirasyre-Mutd flow rateés (Stabl-Vis Flo: r.nor, Fisher- Portor Co.). . . . .
] L Tho ‘total awe s.mvplcr was not shock-mounted.  The suriion unnl was motnted ln a m"lrby
A contenient oo alion and was ronfiected to the smpling tead by Prossdrellex hose. The sam-"
" L plm.. hr.nl \u; mnum« d or W plp« sl.md wnh t)‘e orifice ..n-)roxmutvl) 2 fct.t .nho\o the dock

Tutal Air"s.\mplv’r Th«' s.n.mphmz h- ad (F:g:urt- 2.2 ) fue this nhlrument rom.um-d a’

2 1.2 lnuum n .\l ,\lr ixmplors. k T'\ow cor.slstcd o! !‘-n-c ASic um(a' (l) a ronslanl ﬂov
?vf_sunmn unit, (2) 4 (m‘;r-»-—no;d npt-ra(ed indexing head cunrcu«-d to'a vdlve in73°10-port
L0 mamtold, wind (3) Agroep of 10 Andersen snmnnm, teaas. The soh-mnd was ‘controlled by 2°
71nmm- Cresit o sequintially opea the 10 ports i the m.x"’nlr! at presct time intervals. Dy
‘lhs mveins, one suction pump pullc.-d air intura t! Lfouph ¢aCh of the 10 Andersen sampling’
Theails., A mmn.. Circon flure Fesulted inthe use of anly ohe s:unphr;_ head at cach mbulla-'-‘
4ty tRerdfore, ‘tas deséription \ull be v:uv!‘md to the" Andersen sampling head and sucﬂna "

" unit, l‘u)u;..’l the withe “incre monul rrpl( r 'nll lx- \mu. t... uu;.bou( th(- nporl lo ldi‘n(l"
- this awr 5.4"nplor } . : : :
5, The Andoesen .s.mspln

h .ui as m«xmud {or P. o;vcl .2, comials oi five “\n;.vs ‘-uh’ an
Aarancearifive to prove ot avdérias '!.—nm falliny into the first su;:e )
Eiéh ot the first four stnh( 3 ¢ormists of &' jr or.md LIt tal plato. The p.mlclc- '
’ia.;- 4 .u'r is dt.un throuy b e holes, pxm..g oAt n. diT A st 4 Lilter puaper on a pl.:!c )
..rr [v] pmn '-u o. u.( r.muus on thi h..i T is do p--'x.- ~t upon the aizu, d(-nsu), and uloc-
¥ of e particie collcction’plate and into the wixt
\‘{Jx,e. ‘l‘.w lo.. cach succw.dm;, s}ago, produnng

7¢ in thé perforated Flates s cmy:!lr‘r i
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- The mlkﬂwn chnc'ensuts ul the umvhng hud ‘en deurml.wd hy ac;usting xb- .nr!lo' s

fo |hmu|.h the head to 1.0 1tV 'min and exposing it to acrosols of dioctyl phthalate for several narm

'r.\m.n of mnkle size (Tlgure'2.5). ‘wall lossva were dtermined by exposure of the umpler

10 an aérosol having a wide rance of particle sizes and tavged with radioactiv ity. These nu

 losacy were lonrsi to be dpproximitely 4 percent of the trtal activity passing through s sampling
- hrad. 1% order to mamum air velocities through each 3tage equal 10 the calibration velocities,

U was n-ces.ury to uy- 2 s\uhon unit that soild mantain the calibeation aieflow of 1.0 {t}'mun
" uver ‘the range of pressure d:op causéd by fiiter loading. T’n A.C. Schumidt 2-APR constat-

- flow suction unit with a capacity of 1.5 £t min (Figire 2.6) ¥as used for this purpose. The

. suction unit was m)ush-d prior to shot time 10 pump 1.0 {t)'min as measured by 4 Flowrator,

- which was pn-kuqlv u.nhr.m-d with 2 wet -test meter. The principle of operation of the

&nmlm eor '-Lnt tow uuxl ty !.w wane by l‘:.l of tho \'lDL YO lt’ r.m rnnq vt - ﬂut syetion

unat (Figure 2 '). :

A hrpu'.d e ro.mnlal ar snr-pler -uum |! ;hum in Fi;:ure 2 1 Thr u lm'r/mm pump
Cand luth-n -powerad Sampler shown were instatied bt did riot npn-r-ue. The supwrun: frame-
\mrk for each station was s‘nck mmmlcd .u\d :,amphng orifices wrc apprnxmuu-ly 4 lcd o
‘ ‘ﬂahovethe decl. o T .

et 2x.‘-l..~1".

b8 Animals:. cuuwa piu and mlce were uu-d for' !‘n Inhalallon lludu-. The nmmals
w»ro- s apprommuutely 3 mumhs old :n the time of cxposure. - The average wright of the puines -
L pics was a|\prn:|m.m-ly 460 grams. T average weicht of the mice was apptomm:uely 5
CRrami, A total of 148 puinea pigs and 146 mice were shlpp«l by air 'o the test site, where'
o lhoy were housed in a port.-ble muu; (- by T+ By T-foort instrument huts) under comrolled '
- comditions of temperafure a:\d humkﬂty A umuu umt was um-d to’ hmu« the :om.nmlmu-l o
" animals after recovery. S R
_Each antenal station (Flgure 2 8) conslstod of nu-t-o capes, uch mrtmom-d inlo {nur sv-cuonl.
. A manea ply was placed in cachof 10 sections, five mice in cach of the rematninig two soctloml.
; ‘The cages'in lhe four closed companmvnts were cquxppod with a ‘évoling systém desipned to :
- pass chilld water through tubing. h\htalled on the two sohid-side panels of each cage. A tem-
‘(x-ralure-sensm.. viement was mounatid in the cemter care of each station to control thé water
clrculalion. Fu'nre 2.9 is 2 schemaue diagram of the ceoling system, which also scsved all
GITR cooling ‘€oils. This tmethod of coolinig was adopted so as to p«rmit the animals to lose e
o bbody heat by conduction, ‘climinating the necd for urdesirable dir movement.' Drip-type water = .
[ holuos, whieh I'(‘Qull‘l'd the animals to'lick each-drop {rom the end of 2 small tube, were ins
‘vs"mrd in cach cage in such 2 marficr as to ménimize conumlnalion of the ater supply. - To
"\ ensure that internal’ cm.umuahon could resuli erly from’ ihalation; no food aas provided for :
the anurall. The animal cages were mounted :\ppronmalol) 4 (m.-t above tho drck. Thns hnlgm '
wits d;cutod by pr:cucal moununb consider:tlons. : : . SN

5 Surface s:mplcrs. &nps uf nll-vator-unsime mm (’/ by 1 lnch) were a.mx--d to
metal plates the si1ze of mncrosmpe shdc-s (Qbyl inchos) “Two !y. nch etrevlar holes were
cu( ln each plate to po-rmxt examination of the film inder a microscope,” The phle ~and-[lm
units were .nluchrd to dc-rx, bmk‘uud and overhcad surfaces with tape.” The sampling area’
L was approxxm-tr!y 2 in®.- " Detai’s of fUm prepauunn and ca.librahon lor drop stze d«tcrml.‘n- :
"uon are bx\en in Ret er-née 1. T ‘ v , : - :

L 2 l 6 'l‘c rr.p\ ratun--llun dity R« cordrr and Coumting Appiratus. Bcndtx Friez h) grrlher-
o ‘mo,.uphl. 3th a temperature rarge of 10°to 110 F and a relative huniidity range of 0 to 100
" percert were installed in eachiist corrputmt . These are stock instruments requlrmg m

po‘l'rl' lhe rcturder dnun is dn\ en b) a’ -day clock mechamsm. : e ¢

 CONFIDENTIAL




f.rlrl'h\r ‘a. Teng

= DTHE AR Tisn e CUZH P Wi N HWe

' -md scaler. It was cuhibrated wath Cs'¥%, 34 "'. nd celt souru . ’
Y Y and sufface sanple activity was countod with 2 Radiac AN LDI( 9 sc:ler usmg aNa1-
- lerystal ummhlwn-x....ulmg unit.” Awmy teterminations of alr samplu whose count rite
‘was too high for the UDR-9 were made in'ad- T tonization chanber. “This unit used a nhnhng
reed cléctrometer and was calibrated against a Cs‘” and a radium source. Laboratory-’
;" determined coaversion factors were natd to convert 4 l tomuuon dumber mcnuremnu te
{fqmvalem UDR-9 muurem—nu ‘

1

e B K 7 ‘rrst and !ns'rumen! lnunluuons Thc\nntrurnﬂn ducnbed ;\hove, vm.h lM uerp-
gtlon of the counting ‘Qmp'm-nt were: mauucd oii !he LSS Howorth (DD-592) at locations shown
- in Fiyure 2. 10. T4 compiete UTR array is shown (n Hg\are 2.11.  Three spaces werc umlzed
: g!ur «nwnu of wm Its ‘.-.‘hon WeTess Via ventilation syste.nsy the rulc)' the alter (u‘t) Crows
ptall TN Atk Sy Wy e rov '-1 RS 'mrc< 2.12 throuyn 2 214 slm\v the urratceinesit ul thele
] e and a m.‘\-u atic dr.uwmg of nu air a)swmu A BLOWe Wi mstalied 6 each vaimist
svst-m ‘ta 1ndiice 20 percent of raicd airflow. ' The galley and crews qu.u-ton were umppul of
ot equipment o provide rwm for indtrumentation :lnd to mmm:\te posslhlo c.mtamimucm o(
o tht‘ equipment, Although moperauvc. the :mer o‘ngine rouom \ns not stripped. ' 4
) v One Mlh-r ‘dnd the associated combusting atr system, localed in the after ﬂrcrnom. was'
;uuhzvd for sludus of men-ss via boler combustion air (Ficdre 2.15). ‘Nos.’5 and 6 {orced-"
"dr.ut blovers were opn-rau-d at fall-power cap-luty (approxtmately 24,000 ft) ‘min ench, tota.mg
+48,000 1t4'min), xorcmg air !hroug.h No. 3 honlcr, which was unfired. All fircroom openinis
o IM fittings were securcd or blanked so ‘that the only source ‘of contamination into the wrklm
) arcas was the leaxage from’ thé combnstion air ‘system. Figure.2.16 lhowl the gnneral arramge- o
’ ;mem, including the location of instruments ln the after fireroom, - L
¢ 0 Instrugnentation in each’ of the test spaces was -Imthr. consmlm, of a crrn t\m or thrn
incfemental air samplers, one |nlal alr samph'r, sur(ace samplerl, an :\nlmal lutlon, and 3
hv;,rothermo;.raph ) o
Adkditional inéremental alr samplers were |nst.1.llc to umpli alr tn vrnmauon m:ke hous
-‘: lnrs {Figures 2,17 and 2.18), in the’ uter upuke space (Figure 2.19), a\nd onan lmtrumem
. phuorm constructed atop the (orvurd gun dnrector ’ An lddulom.l antma\l sutlon was also |
) loca\cd on this pladorm. . N
‘ Surface samplers were’ tapod io decks, bul' , a.nd owrheadl in the tour test compaﬂ-
AR _meml, compartments containing vmtllatlon intako housmrs ‘and lho alter uptake space.
L o Elgh!v surface samplers were installed for €ich shot at'locations shown in Figure 2.20.
D Two instrument-starting circuils were installed, onefor all GITR recorders aioiard the shnp
‘ (Rdércnce 18) ard one for the air sa'npl'cr's, a tcsral »ut of the incremental air nmpler
fummg circuit. “Each starting ¢ircuit \as compuscd of a relay lysu-m ac(l\nlcd by a'master
. relay conne cted to the Eduerton, Gcrmoshausen and Grler, !nc. (E_G&G) H mtnutc radio :
- timing- simal receiver relay, ; . i B i
Powr for the au' umplers was luppllrd by the hip s emergoncy dicsrl generator.

: 2 1. B Tﬂt Compaﬂmont Airﬂou Ch.nnctormlcs Perun" t compartmenl and alrflce dau IR
A8 given an Tabie s 2.1 ard 2. 2. The data demonsirates the gross differences’in volumes, flow’ f ‘ ! o

rates, and tonse;mrl tates of air change that’ lcd to the selecﬂon of thyse comp-nrtmcr.ts An-

Uidental (o this seleciion was a \arle(, of air dislnbution ;nm.-rna “Scctions of both ihe ‘Galley

ard engne room’ were relatively dead alrspaces, ‘whéreas the crews quartcrs had a'relativ ely

un:form distriti 2i0nof air. Each spiace had a dﬂ'tfl‘ﬂ air d(‘iwry |nm- n: in the gdl(-y. S

u:rou..h three openings in the ov crh( ad across the compartment, the aig delivery was vert :cauy -

whward; in'the crews quarten. ar was dehivered w-rlic:ul) downward about a foot abore lhe

vek from 'six ducts; and in thé engine room. air was delfvered via three ducts to the upper ‘ -
!o\ t~l and one to the lower lc\'el :t an acute an;,le lo the borlzonul ln thu huer cue, au ducu -
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SopmilTEs wia

Calh romartment (Flaures 80 teroy 20440 No suried of wir s L
i 1:0lé {thaugh plained), und air sam; lers were incated 1n ‘what were wlied to be priveint
airpaihs. [t can ondy be qualizatively stited that dilution and dmusum clfects wore nonumiors

m buth the galléy and the enre ronm, bLanéd ou the rale of cha 7Rt uf 2r and the \arhmm in -
distances betaeen supply and exhaust terminals (Table 2.2). o ‘

!u the after fireroom, the only air move met would be due te’ lhe ptusun cn-at«l hy ﬂn
forécd-dralt blower (8 to 16 ins%es of water) forcing 3ir out through hateh and ventilation ualn. :
This would b expected to pru..u ¢ a rather slow movement of 2ir to the overhead.' : O

= Although the aiter fireroom (Table 2.2) was the cmly {ireroom dnmutvd as a test space !or we
thls pruject, GITR's for Prosect 2.1 wore witadled in the lorwird llreroom This GITR data . v

T s \no useiul to Project 2.2.° 1n the for'.urd firernom, Nio. 1 boiler aas fired 0 oupply st--an
: 'n) operite nuACh N Ty the § .-nri engine T o-\'n Cumbustion 217flow 328 about Falf of the
N 'er! whier the after firereom, ‘i hoth fire rnvns, h.nchvs .u\d ventie

B o T N SO S T

R T

cleaed ol S vd |L.un~.. lhc xrrrvss " ---n( m. nal

2 l A .\nnpl- r '-ﬂh ey, In all samplur im! \thunn n comr.:r'men's and ve r-uhhoa
) im.u» s, um:-:a_u;pfér upomr s faced at JO‘ to the estimited .nroction of 4if movement. ln these
- u:.u the averaue face velociiy at the sampler intake was estimated to lnr equal to or pre: utrr‘

“Uuin the airstream veloonty, However, in the uptake spage; airstream vejucitics were prob-

ALy higher than sampler veincaties. Further, the sampler touations were ‘dictated by spuce co
re quirc ments and may not Rasve twwa {n the principal .urpalh. On the instrument pl.n!m-m above ” ‘ ’
the ‘an director, the sampier openings !acc-d downwind. Any vmﬂ velo\ ity alove 2 lmots would -
reducp the v(hch-ncy of sampung. ‘ . "

D

2 2 OPERAT[O‘%S

ki Com.nmln.m(m lm-rc-u stu.l'es were conduchd .Ahmrd the DD-SS! mrmg Stots \Vahon and

iy L‘mhrclu. This destroyer aus movred downwind from, and starbwoard side to, surface zero K

: :l A nominal standolf distance of 4,900 (eet for Wahoo and 3,000 feet fur Umbrella. Early on
srot duy, aninuls were placed :a their cages and instruments were checked. - Personnel te<

. tarkéd at H-'5 houra for Wa*ou and at H~2 hours for Umbrclla, leaving the slup unmanned
~and complotoly clused, excegs for air-intake openings for the following systems: (1) tost ven-
n.nmn (2) combhustion air systems for test boiler and oporaung toler, and ) romhushou
“air 'systems for operating ias-is. The operating boiler suppned steam to drive the main

, projulsion machinery, which #as heing operated for shock-damase évaluation.’ The diesels :
Hwere prinie movers {or ceteritors lurMsMng power for m.strumvnuuon. A uashdown system,

~aetivated several hours prior o shot time, unshutl the vnllre weather surfaces of the ship, 'with -

Lithe :-xmptmn of the instrume st Slatform atop the forwurd run direetor. ' The w: ashdown continued :
. 10 uperite until approximate!= H« 19 hours after Wahoo and H+ 23 hovis afier Umbreila. “The L

: ﬂnd speod was 15 knots o\ar ez W‘hoo and 20 knou durlng Umhrelh. : - T

_2_2)1 Shnt w 1hoo. Followiry Shot Wahoo, tho up\vlnd moorlng N'_rge broke’ lonu- and. sub- .
sequenlly, struck the startcard side of the steen of the DD-592, 'leavisg the skip moorid by the
T bew only. The ship ch.tm,ec '\p-xuon hudm.., into (lw wind, lm m:urxalned its apprnxtmue R
27 distance from surface zero. ; o
. Project 2,2 recovery operations were arcomplhhod on u»e (u) after .he shat, 'rhe n-cowry

i party Loarded the slup at H-21 hiurs 55 minuta & (1125) to recover sampics, lns!rumuxu, ST
o crarts, afid Pro et 2.1 filz “digts, which hud bien installed in Project 2.2 tost” space ‘8. 'Re-
Ry cou-ry wzs compleud in 33 mmlcs. No pockc! duslmuu‘ readmg ucndrd 100 mr. o

2.2.2 shol er.brtlla P'eg‘ot opcranor.s diffe n-d lrom those for \hhno in lha! !he ma)omy
of bITR rv.corders were ma”. u‘.y started, llmul h) an l( 3 hour’ ndto \ou.e slgnal Onl) ho oy

1
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pmslhll- Cheeai
o :M nu,h tvm;wruurrs.l )
" Additional dita was u'ull:‘hlc :
) \l) From Project ...l (Rvferince 18):
»Nwm d('t‘.l) data’ starting

e

---urr. (".ln"-

Postyiin oprrations staste o at li 2 honrs al'w
— SEip and deae tvatid the washdown system.
: .’lnnl personnel debarked by 1142 haurs and 45 mmutes.
i crm\n 200 mr. "

EYE

'vmt-"xt " which we're installed on the DD-SQ
(wcnenllv re h-rrcd to as dlrcclor pl.morm)

in the !-t.uw--hm \Lu-mo Hmlug\r.n L-Ahurawn. :
. Cuunnm, ot nn mhc-r rolluctmn ‘media \u.q accnmplu"-t ln lbe pro)ect lahm-a or)

dtH+6 winates, ‘obtatned on

-..ll

i .s.l:u_ui--r
culleetiony

. 2 3 n. duvuon u( C\mm.x-lntcnsny Tlm-‘ Dala.

corruu-d dau waS .Anomphsm-d by by Project 2.1 ussisted by Prmvrl
The ' GITR m.«-'mnc 1ape pulse remrdmgs were mlhally )
com ‘Crted 0 dose ur Uose rate historids y nwans of an .m.-lou ‘data rcdurtion app.\r.nus sup~-°
o plwd andd opferate d by Projict 2.3 (R ference 20).
) _,:!h« ‘periods of rapidly changing. Fadiation inten sittes,
' Macnefic tape Gatl pulses were entered into thic THM-T04

Seribe o in dital in’ Re feretice 18,

Proviny: ‘Griownd (E‘l‘() wis utilized,

vid an auxsiary special-

the” r'mm stuartvd GlTR s.

GITR z.ruunn I{EYH

this jer: vad A as s"'!
Weathor deck detaae

CUen where satuTalion was ene
tion (e twedn 27.9 asd 3.7

ated by ::nr’.—. :

purpu’aé :

une
l x't

st;cl)r.ds EY

Aetic tape urit and gate ch nﬁlu connected 1o t‘n- comypluter.,
n"m«tru-s, detector geome ties tor vari-’
corrictions avre calculuted or estimiated and .lppli(d
to the riw cata) The m.mu.tlly started GITR ricords” Vad to'be umc-u\rr(-l.m«! with mu from -
his was’ accumplished o -‘m n.L up times of those
.v.ntu.. ~ m.rh 2% maxina,’ .nn. thv hkc-) hat ~hnuld h.uc- uuurrcd .n lhn s.mw nm(- for all sla-
;tmnﬁ abnard m.\ ahnp. : : o k
On the DD 342, r.u.\.mun N
tngan iy llu Wald. AR Y

A Currl ¢livks fof calibration ,hms, r.uh.ﬂmn source
Cous dssimed cimma energies, Whd timyiny

R at eate rxnr inddticng

Aata frnm
SUFFI0F 10 o
I wus
tir sho(“‘

i’aé
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Jll dﬂR data’t

the vull

Hecovers =15 comph-ted the ‘Jshum n reay alvd.
\o porkn doﬂmﬂer rudm.( was great-

The sac rmce srh«lule is given in Tabie 2. 3

'\.:lc lrum O'hc P'-‘njcv!i Animal data wa ditinnid

S rrom Some anknown trme ot e u.xl of 1 .nhu.u.nv aaterialto H+2 hnurs.
" Nurface swnples showed no .umny 1ho~. o I n.roun-l
+the ‘saltewate r-r“;.unt (llm w.ll fc.

co=rl o

radiochem 1eil anal ydis of 2 DD—5‘32 l.mout LK
. tor coiverting this project’s total dir s.m-plv d.u.l 0 ;e 1\ahm fissions, - reduud phntograj hy

" data of the base surue, ani dma frorn Liicremental faliout collectors and an air: hnr'\uon ns’ rii-
instrument ,>u(furm ahu\-e the tur\mrd mm dxrcuor ‘

T‘xeﬁ«lu‘( “tion ol nll urm raw d.na to final
.2 personnel and i3 de-":

To ‘oi.tain'a more au:ur.ue re d(.oul durmg S

tae [HM-TCY mmputcr at?

“tal atr un Pler elat. Vieaa L don of
) ,'.x -un.un's.un; lee Lita wrr‘ ot
e ‘n'..l cnuvulons rade Uver a pvrmd of

No determiration of purticle size was’
“'to the humid ull‘atmosphurg A

bt euyhout me ahnp and .amma iumuJ
' DD-502 (Shat Umbrelidr; some GITR
. tor the forward fireronms 6f the DN-374 (Umbrei’a only) and llu- DD-J93 \\\ .Ahun :md Lm- )
brcll.n), “and Lilm badgedata from the three ships lor aeth shols, -
S {2) From Pru;vc( 23 (Rvu runce 20):

rt; h L'h i~|.o".n_‘n 10 suturate the =
-.‘Q ¢ weather e ck dose’ r.m hlslurv for’

1 pn.m- inte rmr ineatiars 1o au r'u,('

oF saturation.’ “The oniy inte Fior 'Mta-
v ahcre the dose rates during thq: s.atura-‘
YR L X sn-mud ma sumlar hshton.

Many of the

‘lpl(‘ W

¢ Ealwitok

(-'mtwnl cury e




Thats lnr rorre ctien {actors casculated for 4 broad ram.e FaSuned radialon source peomes
tres and gamma vnvr;ws (3¢ estiniated offects of timie s ertors; and (4) the varivnce of data
from calculated av eu(u where 'mproprule. n u -veral the pn-rn.mn of these data was esti-
wated to be within 220 pereemt,  Ths pu-mmalu. ealitnate of yuunr.. rosuited 'm the
Cmasnual starting of most uf the GITR’S which crrntrd same unrer'alu(y In the umtnq nl urwu
**fhn'R recurds (fteference 18), . : ;

T!»' GITR duse rate data was corro-rtul lor d\-ray TN ‘curves werd eummd lor k-:nurm ’
At miy,in indic ate the besiung and end of env clopment, m- Leginning and ond of the ingress

“ of Fallivactive muterial, and the mummdc of de r.\y -currectvd dose rates that were tue (o de- ; .
posited matertal. The decay nsed was Easwl on »n-hmtrar\' cq\-rlmc-nul dna of ioi chamber RS
deray if U3 fiasion products by J. Maekin of NRDL (repoit in'pre panmm) pnor (0} HoG min- T
nus dud the Priviect 2.1 decay duia normalized at Ho B miates, ‘ ;

e

- Lrn LE e e desestead i Tieeteon 1.3 Vet

riatronl 1 were “atilidest o eati= T

'1.4 o the dué Pates sue ) Un “ Tvrs st vtednf use dates ; ;

cevre mide for Caeh ingross Lonpartiient GITR o sationt 5¢ Tlh- Lty e rate s atnfies; Which
aire ‘.urnuhud 10" the fnurcss canipartnwent dose rate ‘nﬂnr Us, A tre selectind because integs

“ration’of the duse rates so ofe: ned rave nur maxinid 206 niimia doses for the data available,

- N Tinuts of probable «rror tan be asurnrd to the v ‘stimated ingress dose rateés and doses.

AN UG Limits can be assiined Lo uncertaiatics in the hasic data usd, this is mot truc for the

o n(_\rxluhung {actor or the implicit Jssumpuon that this {sctor (or shiciding fac tor rt-l.uuwhlps)'

wro constant. The r\n}.v o{ vshm.ch-d duses is indu:.ah\a of um n-rumly ol llu- v zmm.m-s. A

CEONN O, Taiimes UV %G

‘ 2 3. 3 Rvdurn-m of Alr aud Surhco :.Amp.c lhu lncr:’-mi-nul ’air xamplrr data in rounu

i -'pu' mliate were do cay-eorrected o a common um-- [rnm he time of -oumlnw. and the pc.-rcvnt-
CAse of activity in Cach prticle size range (samp!or llax,e) de u-rmmod 'l‘hv total air samplér
data was decaycorrected to the same time for commnso'\ of tnul activities collected iy the
Uinctemental and: total air umph-ri. Upon return to the Iatnr nury, the total air umph-s were
countéd agan {the fncremental samples had def'.\)cd to \nrv 10w values by this timwe) and the
Founting data converted to fismions por s.umplc by compartson 'amh a Projcct 2 3 hllnut s1mple
!rom the DD-392, Shot Umbrefla. :

“No time history 'of material collccmn \as d( ducible !rom thc g.amma dosc r.nc esumnrs.
The simplest assumptions were used th (-refore and doac rates estimated at the conter of & -
; splwrlc.u volume using Equation 1.2 and integrated lo r:‘l'!‘-l(e the dose due to airborne rudio- -
; .u-th ¢ naterial in the ventilated test compartments. Eqdrlom l 3 and L4 were usrd to cs|l~ e

fhate nrl:orm- concentrations of activity, i

.Surt:u‘v samples were counted ard, for the orly su:n .n.l caSe of doposmon, the hudwst
.uuplt artivity wis used to estimate dose rates aid the 2ose due to dt-pouhd ‘matérial, - ;
No hmits 6l prébaile error can v assumed (o estiinates tased o s.m.ph-r data.’ The' ;
j.lpprn\m\ wons and dssuniptions au re mvade n -'xch a nhanner as m plu\ uio maximum dnso
‘estipites (or the d.ua ou.nned ‘ - : -

i P . M- . H ‘ Bl : Lo

2.5, 4 Fn.m Bui"v D.ua. : Thc.-'d.nt: was used in ey of GITR data and o sJ,)plih ot GITR

.d.\l-l th som n~'.mu-s, to estinuite in. xt-:s doses, of ‘n ‘vstablish the relative mapnitude of

Joses Detwern vartous shijdoard loe .|.wns, betacen shife ; and shotg. [ press doses were

Csttmated by the aiffere uus W feses botween ingress a0 d e most nearly physteally similar’

: TUNMERTESS (un*p.utru n18. No itns of prolubie error cas be .lssu,nrd to such estimates for’ o
Ahe samie £rasons Siven for GITR-Luased irgress dose «stimates, The film badye data has 'n en s
.uaxp.md sund ird hmns ol - rror b) Pro'vcl 2. 1 (R--(cre“cv 14) ul +20 p« reent. :

2 3 5° Am'n.nl Tissue Dus:- Arim.ns were sacrmc»d, nssues umnh d, and .wmhy !ouled

. f R at varios Timws. The N\-’L.sl. schedule Ior both shots is ;.iwn in ‘l'ablc 2 3. nﬂ-ause o!
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. B PR R PR B et
,.x\clw‘c > n.mlm wal decay 4B trotoniedl ;hmlmlwn a4 {4 Dol
T Caase f Thet alé PeCOVEY following Slot- Walwa, vily the midde sedticn of the radiotaptc
at- bioie. ural drcay curve (turnover rur\e), from 40 to 185 houry a(h-r detonation, could be

A lestound. AR Shot Umbralts FoLovery waem nde atWe2 Mws, and sacrificing started
.;‘.lmmcdutvly ms, an early portien oi the Furve was dﬂcrmm«d Bath sections of the curves '

" thus dﬂvrmuud titted well with the curve for similar times de\eloped in rxwrlmcnul studies
\mh mvce at NRDL by the use of an ionie’ I)pe ol simulant (Reference 17). Comptﬂr total-body '
curves’ {ur the dirnﬂor pl.nlnrm aniniils were cunslroeu'd twy normumm. the lahnra&ory e
p-nmo-m.u «unu o b--st tit the ticld data. ~ Biscd on similar éurves drawn for raéh text anlmal. "
‘total tissue acIvity was calculated for the (ulln\ing ponsho( peﬂod- !he first'2 dayl. the hrnt
‘ﬁ-ﬁ the second week, “ind the third week, : o ;
e £ati e ancher v.rh LUI‘\'E for ﬂn- v:rmus nme mtrrvals givuv al»v» pro\ MM valun (of a

'U' o-r, ression - . R . ; ne e :

tnof tim

-»a~

1 which were subsmut»d n Fqualim 1.6 lo d'-termme lhe A\eracp whole-l-uiy Wernal dole ln r.\ds.
" Tumo\ er curves were similarly devidopod for individual oryans: the gastraintestinal tract, 8
Nver, thyroid {ia Shot Umbrelia onty), skeicton (as’ represemml by the ubu), and the respira-
. tory tract. © Indavidual orpan dows were o uculalrd in lhe s.une manm-r an 'dclcnb--d abmo lor

. whuu--wiy imvmal doso 8. : R L

) 2.3 6 Corrv!:!um of Dita.” ln;,resa dose csum.m.-s obumed by. lhe urlo\u mclhonls outllm-d
woere re compared in an attempt to dutermine uhcther thiy were Gver- or’ und-.-resumatu and ¥ 3
vhuhcr they were mllu--mod by’ U\e iv\clushm or ¢ xcluswn of doso rateé mmponcnt! e to ln- o

uns in adacent” cump.u-tmc.nls. . b L
. Exterior, intake .muxlnu, and test’ compnrtment air nmplc data were enmparud !or grou B
dulerenrrs in pasticle size and total collections a‘a function of location. :
S Internal doses based an animal data were 1180 eompared to damonstr:\!e ;.rou dl"orencu ‘
o as a furction of location and the Felitive ‘magnitudes of uhole bndy doses cnmparod wuh the
relative puicnitudes of air samplé total collections at the same locauons. : o

' Estimatcs of awrborne activily concentrations were compared to a maximium permivllbu
conc;n‘r:non, and estimated internal doses were comparcd to existing dose’ dama;.c eriteria.
| Ingress exte rnal and intérnal dose estinutes and total dose estirmates were com;nred to
demonstutc thcu- rchuw ni 'gmludes and hcnce tlwir rnlame imporunce.
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m"ng sbou W:hoo .md Umbrell\. thvre were pom-r tanun's on lM DD 592 :md auso some '
| deviation from the desimed tost conditions.” i ;
o During \hot Wahéa, GITR's and dir s.:mplors worv nm in npvr'mnu or were w\nuhuon '
lam ruanieg. Consaque ntly ur"or thrauvh ventilation test spac % 18 uikpown, Tedt rumh fon
L :'..- hn-rnnm acte sde a:..' -m! Muia deck e st Siees ad 4p|)ruxm| toly i mn tos \un-r '
i LT e e R this’ ~n.u.«
' <L the teingairature vxceeded 110° B atid was esturiteg 1 b wear 120° F, T ‘miFrature i the
: am‘r Crews quarters wis cona ant a4t T8 F and in the adter Ilrcrnum AU36716 87 F.
Ci - Duringr Shet l.’mhrell.t, a'short in the air samplcr timing cx:rux! nwllo-l in the mlll ction of
-‘2 hour air sainple’s instead of 2 series of ine romental samplvs Only hm GITR recorders”
; vwcrv surtrd Uy the radio’ ﬂnrtlm, reliy at H-.. minhutes,’ All othiér GITR recorders were
manuai! y s'ar(ad based on'a’ i =3 hour radio’ \mco uzr:l The puun-r tAming accuricy of a’
5 mamial start several hours be lore St time \l.ls conndvred a 1msor rivic thaii the ponnblc
tloss of all data in'case of 2 power or u!.\rttmv clrcuu hulure. ‘With these vxrrpuom, test - :
o conditions and fnstrument op-‘r.mon were as désgned. Rvmrdod lvmpo-r:lturvs in fest spaces’
L oiwere B2°t0 B4°F ¢ xu‘pt in the g.\lley whrrc the u-mporature was 90‘ F Rcl.mvv Nmnhuc
- Were about '90 percent. oo . ;
Data was obtained prine ipally fur Shot Lmbre)l.« .md ‘-h ~re'not o(lwr\tisc spu.lfu:d 'sulls
-and, discussioms re frr to the DD- 592, shot l.mbr(-ll:. "Bejore prmmltmg, ‘estimates of external
“and internad doses, itis pn rtinent to prusent ail ln!ornmmn that 18 available with respeet to
hd radiation enviros mient an 4 function of timé and to notc thnso features that Felate (o the
ngress of comaminints. ( Throuyhout this report the terms “éxernal ™ or “tate rnal“ will be
Lused with referenée 1o a purson or 1mm.|| And lho lcrms "cxtcrlor or mwrior will hc usvd
‘rh ru(vrenu- to a v.Mp ) : : ‘ . o

Y ..;‘-*u..su VY \'-0 prose uxmm-n) ut M 24 four

' 3."1' RADIATION E.\'\:IRO\\H».NT, SHOT U“BRELLA

3 1. 1 'rnnl G.\mma mm:tmn as a Funetion of Tlmv . Those n-sul!s, is d(-!ermlnod from
GITR measaren nts on the DD-392. are @ven in Fluures' 3.1 1hrnu;.h 3 10 for total ..umma don :
raties “and i Fioures 3,11 throush 3.18 for total :.Amm.l ‘doses.” (The ‘word "toul is used to

. mdicate the combiza d t'urlrll'ullm.s of all radiation sources that affeet the radiation do n-( tors.)
" These: cucves $ show ‘r.lpl(“) ¢ ham.xm, radiation environmént ror 'hr instpumentid drcas of
;Ih-- s!up All'of the dusie rate curves iiwe the sume gencral sh.lpv and slmll.«rlv all dose
L eurves have the sime peneral shape. Ad (‘mmple of the rapid .Accumul.mon ‘of ‘dose can be’ :
'sun from the '.u:\u er.dcek data (Figure 3. 11). Ap,)rox m.m-ly 90 pervent of the’ weuther deck
A Faye dnse was' .u'cumul.m i hohu-m Hs 16 and H+ 60 s¢: conds! D.arlm. ‘this’ period, ‘the :
Cnniamam peak inténsity (Fu 'urv 3.1) nrrurrod «ta nominal time of H+ 30 seconds with nes ‘r- o
“pedk intensitics neirly corstant from B - 3905 to H . 33 sceonds. - Ayiproxiniatély 8 pefeent of
" the doke was ace ulate d 1ram H. 150 16 H - 690 siconds during the subsequent peak. B
() Ree rence 13, 4t wasTestifmate d that transiint rudiation sources coutribited more thin'
195.5 perérnt of thi’ weither deck dose or: the DD-592. * No ' &ignificant dose was aécimulated
after H +10 minutes at the various deck luca!wr.s. The probable sourees’ romr.huum. tothe "
r.ldx mnn afto r !hs 'lmz- wire de posmd cnrla'nm.mts on Hw we .uh(vr sur..ln 8, within the shlp,

;s’z




Pthe pertod S tacen ").& ] HJU Antes ater SiotLisheria ny‘.xs ot atont b yeseint el e e 4
-duse recdived prmr g thus tum. per:ud, md lxu !h:m 1 r zn ‘received durm;, the subsequent
. 20 hours. : '
T At He? hours. radiation readgings at the ratl of tho recorery tug, mnn;. lts approuh to !he
DD-592 fur sample Fecovery ‘upcrations, were 40 to 60 mr/hr] and at He22 hours, during an -
vappmach for a second b-urdlug. readings at the ratl of an LCM were 20 mr/hr. From various
" abgervations, the ship was in comtaminated wvater from sometime shortly after ditonation tna S
" titne beyond the ‘period covered by data aunhble or of interest (s this report. :
Th-.' dnse rate niituries throughout the ship, while all yvm:rally siemlar becaise of the domi:
: mnu- of the vxter transiein railiation sources, have distinctive characteristics whieh sepa-
" rate Uiafit iBto taw . 1 oupd— inpress and RONIREEEss compartments. During the pieriod butwien
S major tese Patd ks at H oo 120 10 H + 140 se mnds. the galley and after cigine FOOmM dose rm-u
AT (et e st Aerardg .hp | AL IR I\\ Ay 1.8 anet 3 fimes the J\I'PJL\‘ weattwr deck Jdose rates -
Ll feroece das g \um'n ne o deek 1 um rate: unm)‘ WhHe TS S T e e e ates are
it 03 tm s the wiaihes de ck Gose rates. At late limes ' {alter 2,000 se vond: ), e R -t
“dose rates are tovind ia'the lower level of the forward hroroom. after fireroo, "and .:.u. 'R :
Tehpa: ru\’el)" 2, 1.8, and 1.5 times the weather deck dose n"‘n CAUthese times, the aiter
Cengiie rmm Yose ratey are but little highér than in noniresy compartments.
o TNs oy nJvuc- is dicative of the pro«:ncu of dt-msm.-d Jruvny in the yailey and boilers or
S builer uie systems and a radioactive av-rosol u'l the .u(er m;,lne romn, whach had bcv.-n c-x)uush-d
' by ventilation airflow at'later tim. .o ; v
: No distincétive evidence of dose rate mmpomm duc (o the |n|.r- x5 ol tou:l'.mnm: canbe
Y found in the crews quarters’ dasc rate histary.  However, in the lower lovel of the forwird i
o en;;lnc ronm, 3 pomngreds compartment, there is evide nee of a contribution 1o dose rate from
i anintérior source that was not seen [n the upper level. The high dose ratee 'in the lowet level
" etwern the major dose Fate peaks supicest the yms'mmy that radivactive materiil in the mam’
| eirculating watér (or deposited in condenser, pum'as or pipm.,) may have" bm.'n the pnm‘tml
radmwn xource at this locatlon. . . . it :

3 l P;Nmaws o( wme Clulaclvrlsucs ol tho Fuvvlopuw B.l,u- Sun.o. ln Rcivrén&ié 20,
: it wis suH,osh‘d that a correlation cxisted between the: shipboard gamma radidtion historics *
o :\nd the base surge transit, Alreraft phtography d: -m {Reference 20) shows lhe mse surge to
;' be toroidal’in shape. :During and after formation, the toroid expanded radidlly at high spu.d
RS ev«mu:my reached 2 maximum diameter, after which it was windborne and nioved downwind.
" The downwind segment of the base ‘surge passed the DD-592 duriny; its imtial expansicn and |s T
. presursied to vontain the principal radiation source of the miaximum dose rates measured
tabvard the $hip. The ‘passige of the imtially upwind 8¢ pment of lhc base surge ,drivén downe
~ wind Ly the 20-knot surfice wind following the tnitial base surgc expansion, s pn sumod to
" ?"conum the principal radidtion source of the subse qun ntand br nader dose rite pn ak, .
;  Several estimates of the transit time of the base’ surge ¢ can be mdde.” Based upon vissal
;. observatian from a tug at scveral miles from surface zero, the sample recovery party estis
mated that the DD-592 was enigulfvd an the base surge ‘at B+ 30 seconds and beeame visible
--through a huze at H+ 6 niinutes. The H .« 30 second estimated time of start of envelopinent
- cvincides \ulh the approximate time of the first m.l;or ‘dose rate o ak and the H+ 6 munute time g
S isn thn middle of the subsequent dose’ rate pv.m . Turnimg agiin o Projoet 2.3 dati (Reference
i 20, at H-'30 seconds lhc vstimated specd of advance of the huse sarge s about 60 knots (mo
i {ﬂ-t rer si-cond) and the downw ind turusdal section of the budd auru |s riughly estimated (v be
1,200 St from outer edge to anner sdype. B.u'.d onthese shm.m s, e DD-592 vould kuve -
- boenenveloped for approximately 12 seconds. “This, of course, .A~:\mus tlu absmﬂ- of an
invisible acrosol folluwing the trasliniedge of tie base surge. i : -
Asicomd ¢ slmulo is avadable from Project 2.1 data {Referenee 18) Il llw h.xso sur;e u ’
... conside nd 43 2 semi- mhmte r:dution aource .n lll(' m;lam of enve lnpuu nl, an Mll e snurce ’
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FREEE SEE b o o - .
‘e ot [LIRICE X n‘e‘s at i bw of Tive l?) ot ol !
dust Tate o radwlogical dee n" eliinated. Froai the docay corrv"'ml plm ol ¢
ik’ AVePAEe dnse rates, ‘the timis 4t which the dosé Fates are Ralf of the m.u'mum Valueare
. w29 1nd He 35 seconds. M a fovrlh of the p--:!ll vilue were used instead of 4 h.ah, usumnm
‘Uul ‘the snurce wae somrthmg less than semt mhmlu, then the Iimes mld hc H 28 and Ho40
secOmls, i ; :
S bmulu lr«ulmcm \muld placv lhe nme o( env rlupnn-nl by thv mllully up\vmd s':mcnl ol |hz
 hase’ surge at H's 245 and 1+ 435 seeomds, respeetively. This soEment of the base sur.,u was
sreally uhspcrsm and Jilted at this tinie rmnpared to I'h‘ do\vnmnd :u-gnwm al "ue lime d "ns -
passaye over and around the DD-592. .0 g . v :
Praojict 2.3 huad tao types of collee 13FY on tho- it dsrrcmr plallmm o( the DD->92 whnrh
Mded tne-degpendent rio m.mun (R- lvrn-n(‘ﬂ "0) Thmr incremental falloat cotlectors {acy
: i ’-mmmn incre n.v-m:ll l'u‘upl"i FES e ‘
: 2oy ey l.nl g o l-v N e AF! Nl [ ‘run!.nmd
Slmore Didiaetivty ‘l'un‘ subseie Gt sadijtes (all's nrr- rtm! ’Uf)lk “eav toa umr B nml'p by an’
"u}lpl’()\lm.ll(‘ factorof 30 fup! «ur'vnrd IC,- 15 for port IC, and 8 for AFIL. T'u- He2 mmulo
AF U sample ineludd: d ea w*lvr in such qnnnmv as wauld he delivered by a he vy rain. “To re—
viewand simmirize: it 15 estimated that the DD-592 was en\eluprd by the base wn:o some- -
“‘umc Iwtween H o+ 28 dnd He 30 wgonda and emereed from cnwlnpnwm at atout B 40 sm-nnﬂl.
'Al H.30 swunds, the b.ne SUfpe was m«wuu: at an estinated spmd of about 60 anots, ancd dunng ;
or e dic ély :ulquucnt to the onv clnpnwm thure was prnmbly a4 havy rFalpout of sea watdr.. | ’
. Fatlout coliertions were ronauh-ral\ly rrc.m‘r durmg lhe permd H »l lu H .2 mmun-s trun durmg R
.v‘any equirl subsequent tine period. B
At abwut M ¢ 285 ;crouds, a sceond ¢ voln,vmcnl necurred lx-c:nua ol lha msue of lhe up—k
wind segment of the hase wn,o. This was' winihorne and theFefere maving 4t the specd of the'
Csurface \unds, abowt 20 knots, © This e lupnwnl ‘crnded a3t 2l 14435 seconds, The omline
T of the ship was visihle at about H » 360 wmmh, an lndh :llon ul the dlspo-rsc\l and dolul» nifure
;nl thiy sepment of the hase surge at this time. - ; ‘ . .
ll seems most prulubl« that radioactive :wrosols wl'rc drawn or forcc.-d |nlo o;--n \vn!ll.mon ”‘7
: ami Taoiler air s)qtmn: in the ;,rv.m"t amounts durmg or nmrm.-diau»ly am-r msnm of the v.u s
e’ Iu.-»c surge. AN EA ' i : .

~ 3.1, 3 A:r \unple mt . R('sults !rom lho incrcn--nlnl air s:nuplers are priseited ln Table'
I '3 1 as total actuvity collected in! #ath «mmph-r and th\- pcru-nuy.- of this toial that vas found in’
Cthe five staizes of cach sampler.” Thc ‘data’ w'ls “correctod for deeay (Project 2.1 lcay’ " data)
o from time of counting 16 H + 10 minutes for comparison at a eommon time. - The'total :ur sample K
o oodatais prvsonu‘d in Tal)lo 3.2, décay- cnrrm‘tcd on the'same hasis as the lmrcn«-nml' .amplc :
" dat 4, and 2lsu in terms-of {issions as dth-rnnm-d am.-r return to NRDL. K W
© ¥ The activities of the: total e siamples el the wdjac ent incremental air s:uupl:s .u« 1ppr«vxl-
S omate ty pl‘O]iUl‘l‘lm.ll to their flow rates (10 to 1). - !u the crews quartérs where they ‘were not
adjacent, the .unnly ol the total-air -nmplc RE lko-n in the crnu-. ‘of the cnmpnnm--nt near 'he :
‘exhaust u-rnmal) was lqu.nl tu lhc average of the port and at:rh.)ard lncrvmcnul air samplc i
adtivaties (cot rected for diffe rences in stnmplcr ﬂuw rates). " ‘ -
The data from the incremental air s.\mpltr shows that 98 lo 99 pcr"vnl ol lhv 4
“pled was associated with particles v qu'ul lo or lt-ss than 1 nnrron in size and hu.w rudily
; v.nrhvrm- and respizable. The principal’ exception is the’ \l.\rhnard sidhe “of the i up..uu- <|nce
© whe te ‘appruxm,.-'.( ly 15 |u rccm ol th(- .u.lu'u) w.a; .nsut‘l.l (-d wnh parnclt s ;.r( :mr tlan l .
3 mncron wsize, oo - e
lnsputwn o Table 3 1
_tions were .m greater l'un purt side ‘colléctions “anil lh.nl within the galley the o )pmxu- is true.
;Corsiderations of airitow ofice ts dii to 2 20-knot vund from starbodrd 1o port and he tmtul
passapeef the hase surge at 60 Knots when' hu,h conee mr.dmns ul actu'ny may m-c bwn o
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".'-x‘x.'.'s *-,:a:n- Dl Wl Srueture any Wt s LR that

Wt time o amplems would te pr--nnﬂmnal to the titd) sanioles u\ll' ctud, Thl- hich- and’
lnn pr. asure 1 aons to starbvard ami port couuld catuse ditferencis in airinrpe concy Nr:hmu
.m hire £ .u clend by the duferences i starboard. and port 1otal sanple coltechions.
fSimitar i un.q.mn s apgdy to U \,clh y veotllation., Here Hu.- starteard mushﬂ-\m vents-
3 hlmn il sy Lave beien an the low - pn'smm- Togion, which is ercated ' 2 wind on top of a
CUAOTIrE Hear thie uu.iwarr! iy, thus dilivering luwer ronco-mr.mumc to thee starboard side
Cok thet aibey. CTlus air current woldd havé little opprtumty foe mixing with a1t trom mht 24
Inie la A s «1 s bty as that the starleard sampler was not in the prinepal .nr|ull| and,”
i Samcded relatvely dhiote concentrations of ar n-\nw'nuu faat, .0 e

BERETEFTEEE VI TIS P RTa | \If‘t' o l“-' i e e .|-u| froe: lh-' niree-

B O T T |

s Cinewney, and abso,” m'u.il case of the upmw b;b.l!‘l', ’lh«-‘prnh'u\.u .n‘anmh ‘m.av
he's .\m;'li'r;.' ) . . . R
«nmine r.«.m Ahe thred um;’lvrs (ulh ted .mprn'unuu-l) cqual smounts of .u'hnly
llmu very s Jems v nllm Iy et s aas the result of umform coheentritions at achivity bt

rathe pthe oy c.lm( ot Simpling dullerem rum.omr.mm\s tor compe nulu tineed-of sampling, k
i it : s m\plnl air delivered by the’ purl supplv s¥ste m, and the total collection
'v‘url',' tmro that o( the intake s.nmplt-r. \m'r.pl- r \umln-rs 11 .mrl IZ simpled air
_'hn) thw

e G tses Troae e st itwagr

actiy v it n.t.uc i <amplc (\\Mum 7) This" dl!h-rvnc(- miriht be due to a mn.hmauon ol i
S the .\-Hu‘u..\.. (l) mlumm duc (0 mikiiig wath el e in the mmp.&rtnnm (2) a"short sani plingg
um-- " Fiond ita0 0 the diffused shape Dl the volume of umtamm.lu «d wir rareicd past the :nr )
wer, 113) loss of wurlmrne a(u\'ul) due to deposition i duits amd/or ('ump.nrtmvnl : X
s tian of the ventilatud conipartinent aFflow characteristics given’in Table 2.2 indi= | .
Cutes 1hat radionctive material wou'd be introduesd into tést cinmpartinints from unme di.m-ly .
to within 5 50 10 seconds after it was wvababtile at vouuulwn intike opemnps,’ le estinated
h" o5l B nhmm\ for the lighest cmu‘vmr:uiuns are short with respect 16 the time to chinge
,nr ina comptrtment; Lence, the volime of such ae !ivlly ‘concentrativniy is some frar tion of the
‘fotd] Fiom voluaie. The short time of intreduction, -the smatl volumues With réspect to soom’ -
voltine s, the e lm-rv of these total volumes as snuiller yolumes’ by the ventilation distritas Lo
tion sy >i«'n:s Jarying distances trom exhaust terminals would lead to the conclusion that’ llx-re ‘ E
was it ‘rtumty for umformactivty cuncentritions throuchout & test mmp.lrhm .ot
Sc'!'n‘: most probatte that s.mmh-rs were sampling discrete s olumes of vatannate d air, .md
1S40t e e aas bittle opportunity for miixiny exCept neaf the ceuiast 1] rmm.als. I samplers did -
sample hiscrate volunies of contaminated air, it is prnh.nhlc that the mm.n'mn.m «d awr cnnlnluud s
1o thye dose Tates 1n the compartmient {of a tiwe pvrmd buth lq-mrv and atter the sampling piriod,
ln (LS PR “""‘l-' rlteetion 1s something less tHan nee v~s1.|r)- for’ (‘unﬂ rsion to dose Fates

. .m-i m.n [RUER S sate m somne unknown degres for the assumption of umlnrm s ‘lnhu!\m\ u. radno- '
.nruw rx.nrr ..nl u! ae h :.l.uuld prm ndn- 4n ove rcshmatc ul dos¢ r.m-s, ‘ ;

P
{

31 -% SLEfar >.u pie Pata. Th d.l!a 18 pn'SA nhd in Tavie 3.0 s lhc- count fate it the tnie
of Courtim e - Th G Axe space, calley, and rnmp‘ulmv-rt hozaing the iFuns for the Sentilator
RN ‘ S we're lm.:lmm for Which the Lidhest sumiple counts weoed nm At
Althos N e sariacy . thh r. r\,u SRt A Very small sarining: of the titad aurl.-u- w vath
Comparimint, they are adequate ta show the Jocalized sitase of e position.  In'all sjures wu:(p!
Sthedrtane dace, s the Sanples shosard st nficant’ deposition weFe located un obstructions or
o " tattihas il as wr sampler frame s, .The data mdu-.m-s tinle dl posltmn on d(cxs or bulkhmds :
RRERNS NG In the cptake sp:lce. ‘

.
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saquie demonsteated that the perrod prior to 1 <50 or, 60 secomls was the st setivitve i
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Can nw sdme counter, .md u:m;, thae .nhn\ -t unum dre I.mou of h»mm o rm.m rate (: urrm- .
g for dﬂ':v), the totat air ~..|m|)lo° cuunt rates were converted to'lissions and are Tiven in oo S
“Table 3.2. The colléetion of !hvw numlwrs of fissions as 2 @ lunetion of time was dhae tvrmnmd EE
;nd comverted to dose Fites and airbbrae coicent r.mnns asing Equations 1.2, 1.3, .md 1.4as
. apprnprulv The !"w'll‘\.ﬁl\"’ Soseratds and concentrations for the first 18 mmuh's afler shat
Lafe givenin Tables ‘l 6 through 3.9, l)uws eatimatid from |h.-u' dose rates are presintod in”
o Table .10 (omitting Vhis hr--nmm h«' e tm:. dore enfihmate was 100 Jow 123 B .qu:mheanl)
ssunted that radiie n\'ulv rom boiler casing: leakaiee w.ls imrndurvd

i - For the Ilr\'rnmn, W
- * , .\ Lirte the fireroinm at He 30 <econds .md renvained !hrnu, vt the sampling prriod. The iar sam:
- } { plr then re prvw-nts a rollectian at a (‘mlst.m' riate (ronstant Fone emration) for the totad” s.muvhnt
i iperid af 120 minttes - The cons mrnm ‘nt h.ul ‘x )] smlod, and no h.4~ns lnr vsuni:“mv !m‘llov
B Cet ity i 4w 'lld'!n- Ty : ‘

1! d Anmuv \t'ulmn T.M (‘t umn .

3.2.4 Estimu "IJ"I‘NI‘ [ 3s !)Q-;IO Depos it »
the hwh-';l :ur(.u'-- s.nmplv ('mm( :

~ o estims ose rates duc to dl']\mh d activaty,

“irate for the filn shde colicctors in mch cnmp.'\rmwn( wa3 used 48 the count Fate tor Tenly The

T du‘k'\ :nul the tuilithe :lds in lhc wmmﬂmom (11! talkhvad eount rates were below backpround -

v at time of ('nmmm.) Th s¢ couul Fates wore substituted in l-qu.ntum 1.5, and the H's 10 minuté

i ‘dose rates so cstimated are présented in Table 311, Comparison with the dose rate's --smml(-d

©for airborie contiminants 4t H 10 minutes’ in Tables 3.6, 3.., .lnd 39 slmw llul nnl) nthe
'g:lh) could drposa(ml activity be ‘considered signi ficant.

¢ The dosé raté estimated for the wallev at B3 ° Minutes lrnm “Tables 3 11 was c'ﬂrrvl‘h-d :ur -

N d- «cay o oblain estimates 61 dose r n((-s from H o1 to H. lO minutes and at Hy'120 mlnuhs an-
surung all material de posited by He l mmulc (Dudiiy data lmm Refvrencs 19 was ulilized

o Sorthe lmu- wrlud H+6to H.10 mmuu 4 afd --xtr.lpul ted (a ajnp«- of Wit =1, 8) for #4300

N swuud: tWwHe. 5 mirutes.) Thc dosv r.-m- v.-slmuu-s md the’ dusn to ll 10 mm\m-u are prvsc-nlrd

T 'I‘.Ahle 3. 12. - i : . : ‘ :

3 2.4 Nmnn 3 ui Fucrml mmd Dose Estiniites Duc to thé’ Ligress of Contaninints,
Tﬁt' to!.\l ;..\mn‘ <duse me casured in each test compartment md the various e snm.m*d ...Imma
dosis duc to th ingress of confaminants are pr(-sonu-d i Table 3.13; film Dadge ‘dnses are
‘24-hour doses (Ro(vrcm:e |8), GITR doses vary from .\|'prlulm itely 1-to 2- hour doses. Tln-
lm.n-ss dosc  stimates dre round h;’urca, adequate to'represent these o estimites for 110 24 .
; ‘-ours. T'e uncertaintics imherent in'the basic datd and in Uw .hsumpﬂnns and apprnxm\:\lions
o usvd in e mlnn* iting htl'mquoa hive rtﬂ-ullod ina uldv r.mgo uf \.lluv; for Hw uu..rc'ts dom-
TR ‘cach location. ' s : y
- nison of the forward -md afteF fireroom mgrcs kdoac- cstim, m-q nhdi( l’va vlh.il full-
o e ration of a buile £ would resull in hieher dosé CMimates thin Tiese’ prsente d‘hv'rv,
beeai - combustion cffects vmuld cause ;.n-.nvr deporitionof mitersial !h.m for m!hcr of the
’ Awo \( umm 1 tese te :ts Durlm. ihe u-sls, the operatiog boiler was {iFred with diesel oil
9 ote unmaned ope rativnal relubility. “The dserof Fopatar lniler luol \muld result in
LT N 1 B p-«nl: wiid therdfore also increase the prnh..lnlny of l-U'L,l r (h-pn-.lls of radioac-
S nateRnl No ¢ ~hm.|u of the m.ll.mu.dv of Nu se «Huts (:\n 04- m.uk- Iyut its mnsl prob-
able that aninerease n d*ac \muld result,’ S
o-"m"lwn of m,.ru 58" dnse --slm..uvs and total (hm s tirehy
a‘ ST AT Are anly a .--l! ln W third of the Iulal Hose for thirhest and e .nt shiclded mm-
st a8 peSpective v “The n l.mw nnporum © ot the i K dns-- N thircfore J !um tion‘of
S sl de,. provided v thv \hxp s structure.  Fora smw- £ opi rating undef the ¢ mum-
Coste nrvs “trcountered in thdse tosts lhon even the auxinium ingiress dose « stimatis Are Sece”
o.nl.;.r) m the h:,.h dnsu arwh w w m(-a-:ur'-d n lu.htl) shie iduvd mm;..mm(-ms.

ltu-s Qh.nt vven llu.' hyy fv st m;,rc u
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o ].Mmld appear that, o Shot Unibicetla, there 15 a decrease 1 ineress dou- with distanee 1rnm

ke Gl and Ldvratory Cirves tFures 3,38 throuch 34107 . These h.uv shape NS tvpical of lht‘

Phe cvdv e et R T ,.').‘_._‘

W -‘.f»u, Cobsta of unmn Pparty ot aeal sarvey ihose Fates s Project 2.1 f1lm ludx (I
duses. The postsbot 2urvey readings for Shots Wahiar iid Lmhn Ha are presented in Table 3.14.
‘ llnll\'fl aim of the Shet Wahoo dats with the hhH( Lu\hrn'lla . lla (corriv tesd for dic ay fo He 22
' ‘)v-m\l Ve o andeation of H-- relitive nup,mluulws ot dvplwnwl radusicine nuterul. Inine

TRy tOst compartments, duser, m-w weee at least 3 to 4 times hvher and weather deek dose
tates were g oy ally .unm( 10" times lagher alter \Iu'( Wahoo lhm wter Shot l,mhrc-llz.

T.u n(y “air=houf film hadee Jones {the averay e {rom all film hidee arravs in éack’ tnmrurt-

: m-m) are presonted i Table 3.15 for the I)D 592 {ur toth shots, topether witn ihe ratios of ‘
‘Waloo doses fo Cmbré ll-'l dnm'; T.u--«e r mvs \:u') fronmil. 5 !o 'J h.xt reved no mlnrmuum :
- with rupn et to infiress. ' : g '
In prder to makie some eamparison of the vifects nf mgr"s% the #im hadice cl.q(.i‘lui béen

TCRFR T R NTTTTENT TEEN 'v-m ol e e datn {rvm A} c-m‘;ur!'w-m whose syt AI)]'!‘(‘(H“J“ s

o f ame R AR S S R Caeres s 1'u' t ‘l‘ e it . llvl"ll terd [roa n-

i-ix f ss ( o nn.nt"‘li n divee n Lo (nt i ;lnf relrinater \I'U e hn- Juc e e TNp Lo s o0d uu l.uuuuhl:. E
Titese tose eENATen Are ptesented i T mh' 316 for thv -5 42, blum. \\'nhnn Al Lmhn-ua
\uml.nr dose éstimiates for the 1oward fireroom (n nvn Fation and instruménted with film !w‘u. -s
aind ‘CITR' ~.) are presented 1n Tabte 3. 17. (,nnsm«-ru.. the uncertainty m these c-stnuul--s, it

Ssurface 2e80; tor Shot .\'nhun there i§ a decrease from the DD-474 to the DN-592; tut both the
-DD-542 and HD-593 incruss doses are .xpuroxmuu-!v rqu.u to nr vr--m‘r (lun thnn- for "m

DD- )'42 after Shot Unibirella. : ; . . ‘
The masaitade of the dose in the lm'nmm, F'D .:91 .Allo-r bhu( \\ Iuiﬂ 18 ﬂfui('nl in data pre-
sented by Projeet 2.1 (Re feirence 18).  Duruiig the pefiod after the ship cmergid from énvelop-"
ment hy the l\-hc suree or cloud and prior to the time that the shup pre ~.um.\h|y ln-('.mw Nurruuud-'
vd by mnunmuln-d water, ey be tween 17 and 50 lmnulwi after Shat Wahoo, the doseé rates v 6
the llrl roum were on the order ol 10 umvs hu.hv-r Than dose rates on the i .mhml weathe'r dee ks :
'},and aldut 100 hm(-s higher than the dosie pites in th\- adjacent entine raom, Tho fireroom dose
rates approximate decay during this peériod and appeur conclusivety to be due to dic posu«d radio=”
active materal n the botler oF boiler dir ~)xu-m “The dose for this period, Jppruxmuu\lv 35
Cminutes, was ‘5 . :The dose tor'the uq-u\.lh m perad in the fireroons ¢f the DD-592 after Shat
S Unibrella was 1.6 1, Thc duse’in all other comp.nr!nu nts of’ tlw DD 5‘13 lur lhl! pvru)d wis
less than 1 r, . - i
After Shot bmhrell.l, ‘hvn the smps h.ld eme r;md lrnm énv l-h)pmrm \hp hr('rmm (Inqv rates -
were1.5 and 8. 5lmw-s t w .nvr:z;,v w-nh-'r ‘dec k (kho rates for !h-' I)D-'h‘ 1rd DD-J‘)J re spt -
Ctively! , ' A : . R
. The loeations of the lhn o shu)s for \\ uhuo wire: Dl)-4a»{,’.,-00 Yu-l nn- 594, 4, POO feet
and DDN- o‘)‘!, 3,200 feet'downixnd from sqrfaen geros For U abirells, the locations were:
DD-474, 1,900 (Ccr: HDNY392, 3,000 feet; and DD-553, 7,900 feet downwiied from sirface 2cro.
The duse ¢ slmuus for the Tireshons are tor 1=boil -r operation. Rl nluslu ‘oper .mm' con-
ditrons would includeé e Fation of both botle rs at tall power and with ve ntal. ation & s stoms ope n.
For these ¢ lll‘(hllﬂlh, thv fireroom « \lc-rn 1 imress dn-_.c winild e e than hnu- the dosv
. 1-.~|nn.|h d ur 1- I-mlvr n|\' ration And se .\lul YR x.hl |||0n n'n nlN.S- ’

3. 3 A\I“AL TISSLF D('bE

Lumpl--h- total - Iud'. r nhu.u(un) (urn s lor Nw pl.murm FRITHE lla '.u ‘e umslruq fed lrom

carns for afl tost ammals. - Turtorser curves were simalarly i Ve loped for andividuadl org in
x\lﬂ‘bll testinal (C.X) i, fine r, ttarond (Shet Uathre ll.| oiily), saele ton {as [ pn sented by

W tilndy, and re Spar atory tract, T?v idividual orein turiover ¢ urves mr he L.'Ulnl'l me and’

fouse lhsms are Theeanin h mures 3.42 lhrouu h'3.45." Tnul UsS0E activ nl) was calcul.unl try

59
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U senfid an Talde 3 H aud n..in icual ory et s dTe e et i T.mh s 3,14 .lunuc‘l 323,

these wr sans, the GE tract, The “skebe ton, aid ‘the thyrond miay e onsudired tfll et radiosens

sataive oridany. ‘A crite il oran ‘may nd ‘detined as: (1) dn urr.m with !hv \'rr:n('M ;u‘r.:mulaum
(2) An arpan that 1s «-»--mm or mdwpons.mle 10 Theé wi 1t Iu'mg n( Iht

of raioacuve material,
*-hulw ammal, or (3) an or,'.m thit c.an hc d.:ma‘ od ' m 3 low rhso (Rrh-rrr\te J)

=t a-.r

J 3 1 lmi r"nlll' l\n-&‘v 16

.3, lH) and it dual oFcan “dese \T; eals um the pr(\domuum ond
Cfrom internil ¢ mn ami ation H A" Lumul.al ¥ durlm, lh« carly N:\-wrc period (C to 50 hnrs)
Th-- mnlv Yeimiyvi £ v vqnmu« dose m |m|--r{.\nu' W the dose pesulting from the cxpobure foF
for |nr1 n( whice h Al malated’ (hnrim' l!u- --.lrh L rmd Anvr m.- (hnrd
vt \: Ve 11 |ll\ Pacresound,
2 Ps Lo O (1

Vi T davs) am

Twres, Y'u‘ :

T
lt.ul tin, vy, FITRUCHT mn 'Iwwi-‘nz;c ey, The o
s ul nduunnu; p.luun )

tIne o u"‘rt!m er: m'.ﬂ .

" l"..u'x'

eoacthe m‘n. these e # u D
2 nmw bosaid ¢ unm-q v ¢ '

“iiuted Ty Lissties unu.unnu, lnw 1o

r\mm-(: llw \itums or ms hal:-d in the thw, !hl.- ;k' I( toi (\mrh rontains lh« aufruiw)‘ ;
[ ,(‘l tracy, and inveod are'the thost s¢ nuuw to um-ru i cantatasminon. Tho- Liver comains [ess :
e e * um.mnn.mls ard, :lddmun 18 the teast'r wdiusensitive of the wrrans analyzed w this ~.ruul).

’ o Th-- hhn of the .mmuls from th‘ test ¢ mmurtnwnls péierally rm‘cnc-d the ughe st ihose wind thee .
IWer the Teast. O the director plattorny, amipats, either the Gl trac t or respir. wory triet doses
'v\wrv u,u.:l to oryreater lhau the tilna (h T will alse in m(nd m.n i nearly all cases,’ “the
dusv |n the GI tradt [ERF reater than the (ase 1 the n-spnr Alnr\' tr. A t. This s \.‘,:;'1 ‘sts thet the 5
“rvarm ;ulhu.n by which the defivaty inlors thie blood ix by nte st il .xhsnrplum rather tan from
the hume alteolt, “This coneipt i supported h) experimentad iny estyation lh:-n- ‘4 wan fouind
e O llut animals l"[hlbl‘d to )mxn.' nwmn p:mlm s showid a4 rapid gptake and a rtpul deelite i
SR R ‘;acmnv l\\ul('up ot .um ny m‘lhv Gl lr.u:l cmncuh-d with’ lh-- e rlm-' nl .nxnny i lhr lum:s
’ (n. terence 16). o : EREES . ;
Fm.ull\', 1t \nll I mm-d Ut llu- «hsv; to 1'\0 mln' dare lm)wr lh.m lht e 10 |lu- r\nm'a‘p 'S, .
lu\n-wr, this feneral discre paicy can hc mpl.unml by ‘the duh-r;::ru atidal \'nlumo uf ro-qmn-d o

e LT 3,.nr 1 will i de nmn:lx.\lud pn"uml)

C 3, blnt('m' l'Du-\ m \Lm. As prc Yiou
for s ot S its .ll\c- ‘l1r r«u-nlwn of 1-micron:siie p.unrul.m's ‘i3 qu.mmmno‘;
“ostmilar o that it “wan. However, the résults of the stidies ol the sixiv mu.u organs ot
Cinals usvil darres blwls Withai ard Unibrella wahie ated that, in nearly atl e 150, “them. un pun.ll
y l!..- iitestine rather than the !ur- s, !mlull\' 1!(- .m|-
Wb anxd nr.nl vty T‘c- atale d act
WON g n ﬂ.u- trac (LR

"'nf entr of e Farhedern ity EYES prnhm.

‘m‘.tl i
e NN £ e L0 G sctibe"out on the widdls of llu'
down toadrd the hxnm W The e h\u\' tiut cannot pe actrate tEe abvesins larpely caustt by the
mucess et the se mondwanes “and b\ 0t the cadiary a¢ fnin ot the Tpihe fium of tius past ni

- the Po sjhr .nun SUstim s [RNV R I Hn pluirynx and subsdquently lowed. Th« lr.-n.:u-n!
fitnie of tadicac sty o thé Bings Wis vary short, “with'a vfeat part it the aetnsty =nng “and
i ul the lux' ey Il unl.m U ”m i (R- Forive 16). Onie 1 Uad GRS, The abioant of rag {10 -
) m -h ™ wls epon Hu snl.:‘nhl. of the nute rial incested
sl wiill. lhc Jmtvlll;l nl

aded e n:lnu'u ruxu-uln

Se carities or ot

v..n.un e uum s 22 .uM 235,
sielidied Hwee 'ulusn s
' :-[ ch l'h.ll 5 u:.!.mnn.nmn ls e ml- i




2 e .“v' e -‘|-‘ s .'_.,“., ;..‘.‘ﬁ.:“‘. A;,_ ':.\“
vs o6 st ;llQ BT RTSH e .u\lh uf the e done Valies
 Rupaes, Tht- resuits o these ¢ .|h ulatiens tor the uxhiv Mu..ll or.
(010 30 Eimri-and the m,mlu.ml Tong-term pe riond (0 lo . ‘davy) are presieited in Tolles 3.24
-u.u .35, h\nnmm d.ma for man derived tmm the u: nea ,>.|' “ard mouse data are ia elose
Cagrecment.  This can be ndwu as suppnrtm-g m wenee {0f The the «ory that the inhaicd \o!unw ol
A7 per pasute per um of tissue 15 an importaint deétermiiant o the internat contammation in ' N i
Ahe ampals stidied.  The dl"\‘ﬂ‘n(‘l's that do exist hutween doae's to mn. éateulated from the :
Mouse and guriea g daw, may kave been dué in Dart 10 thee varsiag ameants of sedf-li king try
tarsed .mmuls (althoush’ vlw sikins of thise antnuls were nof iic l.:du! " .my ol the calvuhlwnn

‘ur'dy mm.mm'.uu d \mh r.ldin.aﬂnu))

HERH lh~ 'dh W& dose
" duw» w0y the carly preriod

the v Were 'mn..l to I--

3.1.3 :\*\‘ \~n

P iv.\ 1|_:|'|-\ X LY
£ :!.-' Wil W
oadeod et The wiged l\i ul gty ;
eell leved. Simal. |rl\, Auech th-wrnmu X s Upetier .llw-'d n..nh ~e, vrn‘wnu And vomittiing” for
wther whole -l-ul\ coaes auinhd he mean. viess aben .upph ot m.n whual drpeans such as the
Cbonemarrow, truct, and lh\ roid. * Thus, iveonsule ring the viteets of an early dose iwhethue
it be exteraad or intersal) that wonkilend woan immediate boloc:cal (-H--ct‘m.wt-rnil\lv a8 radiis
tion svndrome, (He- dosd 10 the while by 1% o nwaningtul, '
" hm" er,. a8 expeicted, Une data num.m-s that the r.n .oty ity s conw-ntrm-d mn u-rum
’ur;' 1% and LAt same of theae orjns are momdcr.\hl\‘ fire radiosensitive than others. Thus,
e \)Sn u( the o e 10 tUne Ihllh‘ body (total r.ulm..cﬂ\ |l\' divided by the whole- by werght) to -
Sdetermine e earty raummn syndrome \u\uld innore llw Lact that eértam highty rndlnsvnsm\e ’
.q ,:.m:, ey, eritwe al vfing 5, are absorbung a Ereater pact of the absorbet energy.
Th:n problem ean be pe wl\n! by tre .mm., the dmw absorbed Iy the ertticul orpan as i ll
o -u-n' the dose (o the Lol:- lmdv, e, & du-.c of 50 F wthe sheleton then woiifd e r'(‘n'iuk*ﬂ’d
4% 2 dose ul 50 r o the whote body.  In this way, the hazard would bv m.n mm.m-d alluum..
4 safety factor to'hw tucorporated nto the caléidate d values.
Cinternal Dose to Man, C.Alt'\ll-llt‘d of the Basis of Crnu‘:ll On.:lns. }
. Prwr to the wnsudc -cation of the. internai dose,: it armuld lw- niote<t that G quate shmldm;_ would
:U'hu ICEsSary W oreduee the r*m-rn u gamea doses, \\hu horangd 170m 1,130 10 51 ¢ for Wahoo
“and 549 1022 lur Umbrella, bv{nn ngress ul--rn.ll ‘or intérail tendy exposures would be
lumhm. lactors in operatioral ummhuns. Howe ver, ats Wil i ingress radioacuvity, which
can ireadiate me FEonie | trom The outside ‘or, whitn hworbed 15t llx- tody, ireadiate anantermil
) tnnlu'r, that il preson study is conce o AT
) The fesilts ul Hh cumerston of agimal du\l' to s n‘:-x‘..n.-,‘ afe etven i Talles 324anmd’ o
5.25. S. Vel desens it dlrtuor plat. rm excecded 23 1690 rids, the dose ll'{«l Hlll ‘A'nu'ld‘ ;
.nnl\'-'u chanies, T Bache st vilud, 179 ruks, would notre sult .n
dny de ..ths, bt oo wd m.cl.uw, ! ..zm:t sl lnnd pieture, and \nnulm,. Conid raosult,
,”Hv\u'\l i, these x'h doses wero ot a u-~ull of lm ru £ r.adxn.un\n) hu! \uvrc- dul to luc.u
;llluul .lml ]'rnlul-l\ water of the t ase surue. [N N S

1 of \h.- lnh-l nv! l||/ nrl 0 \h'n \\'S:u\vl‘qu Qv Dose v o-r\ us Dose

K

'IUI' i [T R YIRS , lo...\o'd o it L Hleeation

i
F ||>~-.v0 i 'f‘ll"' o ow e

" OTrin ¢ u.xnﬂ var |.4-~- Cied an fe rme o urm oo

Fesult m frest 'suins e

in Vbt qu.alv 1o prov e & ang tedC e orreiatio e twern air sameple ang
v oonidhonei that such & corrabition nu <4 te ossthle s prescitet in Talile
wrernal doses e approxiniate by The samic felation 0 caéhothlr as ¢
4t m IS {0 the viriens tost clanpartiions.  Difcetor 1 l.n"-rm
< data dues not follew this g neral tre nd, pdicating & seve re bias betwes nanimad and air sam-
Cphing. Animals and aw sauples werd fovated on opposite sice s of the platform and may have
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ER I : . W
Anrdl el IoRing (8 d i\»’ssilil;"a\}dh FONT ] In.h in e dnnnal .uu. e

To '.nhn- the aiy’ s.Amph- ‘data as nwasufwm nts’ 'PoYatend w inférnal dose, - the aie samiple 7 IR e "‘,"“
1rh\ ﬂv a2 conv (-ncd ta'averaye nnrmruru-s per ‘unit volume of air samplvu lased an several
e, T“.c"t‘ average mrcr-tnuurs arealso prescated n “Tasle 3. 26, and it &l Mo
' nnh-d tiat there is ne rorrc-i.mm 'ulh .mmul duws, an mhc:m-m th.ot the' :uumﬂmm wn
uud«]ute fo: the purpnw of do tn'rmmuw an Awnue cmwmluuuu.

il

A n. Y \dm'm.s

: 3. .'l;\l MARY

J : I l- xh'rn:ll .md lnu-rn.d Dli'hj\t. me.ucs o! v:u-rvul and inlvrn:ﬂ dnsv-s due 1 the in- .

«'r4-~s u. CORAMINANtS OR lr..‘ nn.wz ..\r(- pirese sifed in Tuble 3.27. The astimites of o-“rrn.u
sose’ re wnod nawn Io r H‘x 1 .( 'luw~ i md qu ] lul o unce rrl.mm\ "ﬂr urh ve Mtlaml

yat sl "n
1l tn'.ll vhmn .md 1 flie ey 'lho
i tier s !":Ilm.llt's for a lurc-rmm {15 r) and \--Nllalv-d [ ine Powim’ \JI r) repre srm .mprm -
S uc-l) 50 pe reent of the tin cl -iuw ln lh« FLRY mnp‘\rlnwnls. ‘Nofe that tor full-juiner 2 lmlv
npo r.ition, with \o-rhl.umn sy “tems upon (a nnrm.ll vpurating rmm!wn) the hr«rmm c-snluu-s
'I\nuld e vrulnplu-d by 2 Tactor of 20r 3. The highes dose estimates {or the tao ventitated L
nnnm.h hirery u\mlurtnu'nts thuut,h qaite unn-h:ll;lc-, are lo:s llun 30 pe rcc-nl o( lhc toial do\e b
m m se h;.:mly Shielded rum;nrlnm\ls. P
T’n extermal inpress dose estimates are for an --xposure ol l huur, hut a l.u';,v pnrl‘

‘the'se dnses 'm-re “acenmulated durinr the hrs( eny chmment v the lase sUree aftir bhn( hm-

i I}rcll.n The hl;.h('al external doses’ due to mgross would rc*ull ina lr.mncm nh..m o rm;.
ot white blood cells in individuals ‘exposed to these doses, However, ‘oxjposures in this range
Tavuld v cause any casualties ar any reduction of comint efféctivens & 16 p--rsnmwl “The

tower eatimate of externd dosé amd the absorned dose in varlnus crnk.ll organs \muld ot
“Cause any rc-dnumn in.combat olfﬂ‘lnwm\ss, nor any mawr chum.cs " homnulu.:v. nternal
dmus due 1o deposition of contaminints insyde the body are lur ail- d.\v '-xmsurc and ;u-ncrally
are small ct mmrrd to dnm-s lrom cnvrml sourccl. : : .

'n reeng of

3 5 2’ General Cu‘nsich’-r \ons. The doses duc (" |ranswbt exterior radiation sw¥ces ’re‘-“ '
pnrud by Projects 2.1 and 2.3 are comldcrahly ngher lh.m the highest doses estinvied to be
lue th the ingress of contamm.mls. “The transit dose is, |h(-rvfnrc, the dosenf prim.nry con- k
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